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Gentlemen, 

N Attempt to excite in 
Mankind a general Defire 
of fearching into theWon- 
ders of Nature, will, I 
perfuade myfelf, be accepted favour¬ 
ably by You, whofe Endeavours for 
the Advancement of Natural Know¬ 
ledge, according to the Purpofe of 
your Inftitution, are efteem’d by all 
the World. 

A 
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It is fomething more tlian an 
liundred and twenty Years fince the 
Mi CROSCOPE was happily invented; 
and to the valuable Difcoveries made 
thereby, we ftand indebted, as the 
following Sheets will £hew, for a 
great part of our prefent Philofophy, 
In fuch a length of Time, it is how¬ 
ever probable, many more Advanta¬ 
ges might have been reaped from it, 
had not fome Difficulties and Difeou- 
ragements prevented its general Ufe. 

At the beginning it was confined 
to very few ; who, making a Secret 
of it, endeavoured all they could to 
keep it to themfelves; and, when it 
became a little more publick, the 
Price was fixt fb high, that the mofi: 
Curious and Indufirious, who have 
not always the greatefl: Share of 
Money, could not conveniently get 
at it. Of late Years, indeed, the 
Expence has been much lefs; but 
then newDifeouragements have ftart- 
ed up from Mifiake and Prejudice. 

Fear- 
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For many have been frighted from 
the Ufe of it, by imagining it re¬ 
quired great Skill in Optics, and 
abundance of other Learning, to 
comprehend it to any Purpofe : 
whereas nothing is really needful but 
good Glaffes, good Eyes, a little 
Pradlice, and a common Underftand- 
ing, to diftinguiOi what is feen ; and 
a Love of Truth, to give a faithful 
Account thereof. Others have con- 
lider’d it as a meer Play-thing, a 
matter of Amufement and Fancy 
only, that raifes our Wonder for a 
Moment, but is of no farther Ser¬ 
vice : which Miftake they have fall¬ 
en into from being unacquainted 
with any Principles whereby to form 
a right Judgment of what they fee. 
Many, again, have laid the Micro- 
fcope afide, after a little Ufe, for 
want of knowing what Objeds to 
examine, where to find, how to 
prepare, and in what manner to ap¬ 
ply them. The Trouble of manag¬ 
ing it has alfo frighted fome. 
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But we are now fo fortunate ta 
liave this InErument greatly improv'- 
ed amongft ourfelves, the Apparatus 
made much eafier as well as more 
ufeful, and the Price confiderably 
reduced. The Solar or Camera Oh- 
fciira Microfcope, and the Micro- 
fcope for viewing Objeds that have 
no Tranfparency, by throwing a 
ffrong refledbed Light upon them, 
are alfo new Inventions, from whence 
great Things may be expeded. 

Nothing therefore is now want¬ 
ing, but a general Inclination to 
employ thefe Infbruments, for a far¬ 
ther Difcovery of the Minute Won¬ 
ders of the Creation; which may not, 
perhaps, improve our Knowledge 
lefs than the grander Parts thereof. 
Bears, Tigers, Lions, Crocodiles and 
Whales, Oaks and Cedars, Seas and 
Mountains, Comets, Stars, Worlds 
and Suns, are the Capitals in 
Nature’s mighty Volume, and of 
them we fhould not be ignorant: 

but 
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but whoever would read there with 
Underflanding, muft make himlelf 
Mafter of the little Letters Jikewife, 
which occur a thoufand times more 
frequently, and, if he does not know 
them, will flop him fhort at every 
Syllable. 

The iikeliefl Method of difcover- 
ing Truth, is, by the Experiments 
of Many upon the fame Subjed; and 
the mod: probable Way of engaging 
People in fiich Experiments, is, by 
rendring them eafy, intelligible and 
pleafant. To effed this is my En¬ 
deavour in the following Treatife, 
which may ferve as the Reprefonta- 
tion of an Objed for the Infcrument 
I am recommending ; fmall, indeed, 
and feemingly of no Confeqyence ; 
but what, upon Examination, will 
be found, perhaps, to contain as 
many ufeful Parts as thofe that are 
much bulkier : for, to drop the Al- 
lulion here, I am certain, that with 
half the Pains I could have made it 
twice as large. A 3 
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Think me not fo prefumptiious to 
dreana of infl;rud:ing you in Matters 
you are much better acquainted with 
than I can pretend to be; but give 
me leave to requefl: the Favour of 
your Concurrence, in my Defire of 
explaining, to thofe that are igno^ 
rant, a Science that may prove of 
the mofl eminent Service towards the 
Advancement of True Knowledge, 
and in which every body that has 
Inclination and Opportunity may be 
able to do fomething. 

Excufe my Miftakes, forgive my 
detaining you thus long, and permit 
me the Honour to be, with all pofTi- 
ble Refped and Veneration, 

Gentlemen, 

Your mod Obedient 

and devoted Humble Serv*, 

Henfy Baker. 
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THE 

INTRODUCTION. 


this inqulfitive Age, when the 
fell Defire of Knowledge has fpread 
itfelf far and wide, and we fit 
not down contented, as hereto¬ 
fore, with the Opinions of ancient Times, 
but refolve to examine for Ourfelves, and 
judge from our own Experience 5 it may 
not, perhaps, prove unacceptable, to point 
out fome proper Subjedts of Enquiry. 

The Works of Nature are the only Source 
of true Knowledge, and the Study of them 
the mofi: noble Employment of the Mind of 
Man. Every Part of the Creation demands 
his Attention, and proclaims the Power and 
Wifdom of its Almighty Author. The 
Imallefi; Seed, the minuteft Infedt (hews the 

Skill 
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Skill of Providence in the Aptnefs of its 
Contrivance for the Purpofes it is to ferve, 
and difplays an Elegance of Beauty beyond 
the utmoft Stretch of Art. 

The Wife in all Ages Have been fenfible 
of this Truth ; and, as far as they were able, 
Bave ftudied and enquired into the Receffes 
of Nature j but for want of proper Helps 
have frequently been miftaken. As certain 
Principles mu ft firft be learn’d e’er we can 
become Mafters of any Science, fo in the 
School of Nature, we muft begin with the 
^inutice, the fmalleft and moft uncom¬ 
pounded Parts, e’er we can underftand the 
larger and more confiderable. 

The Ancients, having only their naked 
Eyes to truft to, were uncapable of any 
great Difcoveries of this Sort: but we are fo 
happy, that, by the Help of Glaffes, we can 
diftinguilh and examine Objedts many thou- 
fands of times lefs than what the fharp- 
eft Eye, unaflifted, can difcern. In fhort. 
Microscopes furnifla us as it were with a 
new Senfe, unfold the amazing Operations 
of Nature, and prefent us with Wonders un^ 
thought of by former Ages. 

Who, a thoufand Years ago, would have 
iniagined it poflible, to diftinguilh Myriads 
Z of 
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of living Creatures in a Tingle Drop of Wa¬ 
ter ? Or that the purple Tide of Life, and 
even ‘ the Globules of the Blood fliould be 
Teen diftindtly, rolling thro’Veins and Arteries 
fmallerthan the fined: Hair? That Millions 
of Millions of Animalcules fhould be difco- 
vered in the Semen Mafculimim of all Crea*. 
tures ? That not only the exterior Form, 
but even the internal Structure of the Bowels, 
and the Motion of the Fluids in a Ojiat or 
Loufe^ fhould be render’d Objeds of Sight ? 
Or that numberlefs Species of Creatures 
fhould be made vifible, tho’ To minute that 
a Million of them are lefs than a Grain of 
Sand ? 

Thefe are noble Difcoveriei^ whereon a 
new Philofophy has been raifed, that enlar¬ 
ges the Capacity of the human Soul, and 
furnifhes a more juft and fublime Idea than 
Mankind had before, of the Grandeur and 
Magnificence of Nature, and the infinite 
Power, Wifdom, and Goodnefs of Nature’s 
Almighty Parent. 

That Man is certainly the happieft, who 
is able to find out the greateft Number of 
reafonable and ufeful Amufements, eafily 
attainable and within his Power : and, if To, 
he that is delighted with the Works of Na¬ 
ture, and makes tltem his Study, muft un¬ 
doubtedly 
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doubtedly be happy; fince every Animal, 
Flower, Fruit, or Infedt, nay, almoft every 
Particle of Matter, affords him an Enter¬ 
tainment. Such a Man never can feel his 
Time hang heavy on his Hands, or be weary 
of himfelf, for want of knowing how to em¬ 
ploy his Thoughts: each Garden or Field is 
to him a Cabinet of Curiofities, every one 
of which he longs to examine fully; and 
he confiders the whole Univerfe as a Maga¬ 
zine of Wonders, which infinite Ages are 
fcarce fufHcient to contemplate and admire 
enough. 

The Invention, of Glaffes has brought 
under our Examination the two Extreams of 
the Creation, if I may be allowed to call 
them fo, which were out of the Reach of 
former Ages : 1 mean, thofe vaft and diftant 
Bodies of our Syftem, the Sun and Planets; 
whofe Dimenfions, Diflances, Motions, Re¬ 
gularity, and Order we are become acquaint¬ 
ed with by the Help of Telescopes, and 
thofe exceedingly minute, and to them in- 
vifible, and unknown (tho’ every where at 
hand) Species of Animals, Plants, &c. which 
the Microscope has difcover’d to us. I 
leave the Telescope to others, who are 
better able to do it Juftice: my Intent in 
this Difcourfe is to treat of the M i c r Or 
SCOPE, and encourage its more general Ufe, 
3 by 
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by fhewing the Pleafure and Inftruaion it 
can afford us. 

Mr. BoVle fays, in his Difcourfe of the 
XJfefulnefs of Experimental Philofopby^ that 
his Wonder dwells not fo much on Nature’s 
Clocks as on her Watches j and, indeed, up¬ 
on comparing the Strudure of a Mite with, 
that of an Elephant, I believe we fhall con¬ 
cur in the fame Opinion. The Largenefs 
and Strength of the One may flrike us with 
Wonder and Terror, but we fliall find our- 
felves quite lofi: in Amazement, if we atten¬ 
tively examine the feveral minute Parts of 
the Other. For the Mite has more Limbs 
than the Elephant, each of which is furnifli- 
ed with Veins and Arteries, Nerves, Mufcles, 
Tendons and Bones: it has Eyes, a Mouth, 
and a Probofcis too (as well as the Elephant) 
to take in its Food j it has a Stomach to. 
digeft it, and Inteftines to carry off what is 
not retained for Nourifhment: it has an 
Heart to propel the Circulation of its Blood, 
a Brain to fupply Nerves every where, and 
•Parts of Generation as perfed as the largeft 
Animal. Let us now flop, look back, and 
confider, as far as our Ahilities can reach, 
the exceffive Minutenefs of all thefe Parts j 
and if we find them fo furprizing and be¬ 
yond our Ideas, what fhall we fay of thofe 
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many Species of Animalcules^ to whom ± 
Mite itielf, in. Size, is as it were an Ele-* 
phant ? 

All thefe, and numberlefs Wonders more, 
the Microscope can exhibit to us. I Ihall 
therefore proceed to defcribe this noble In¬ 
vention, fhew how far it is improved at pre* 
fent, give a brief Account of what Difcove- 
ries have been made, and point out fome 
Objects for the Curious to examine by it. 
In doing this I /hall avoid as much as po/li- 
ble all Affedfation of* Learning, or Expref- 
lions that are not in common Speech, being 
de/irous that every body may underftand me. 
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MICROS COPE 
Made Eafy, &c. 


CHAP. I. 

0/M iCRoscoPEs in General, 

Microscopes we are under- 
Rood to mean, Injiruments of 
y w^l l Strukure or Contri- 

vance^ that can make /mail Ob - 
je6l $ appear larger than they do to the naked 
Eye. 

This is efFedled by Glaffes formed con¬ 
vex. 

When 


B 
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When only one fuch convex Glafs or 
* Lens is ufed for this intent, the Inftrument 
it is fixt in, however fafhioned, is called a 
Single Mic 7 "ofcope: but if two or more Giaf- 
fes are employed, conjoyntly, to magnify 
Objed:s more, it is then called a Double or 
Compound Microfcope. 

One remarkable Difference in the Effeft 
of thefe two Inftfuments is, that an Obje£t 
view’d through a fingle convex Glafs, appears 
magnified, in the fame Pofition exadtly as 
when feen by the naked Eye; but when 
view’d through a Double Microfcope, com- 
pofed of three convex Gkfies, all Parts of it 
become inverted : that is, the Top of the 
Objedt appears at Bottom, the Right-fide on 
the Left, and every Part in the Place moft 
oppofite to its natural and true Pofition : 
The Lights and Shades being alfo inverted, 
the finking parts appear to rife, and the rifing 
parts to fink in. 

To what Accident, to what Country, or 
to whom we are obliged for the Invention 


* The Word Lens properly hgnifies a fmall Glafs in figure 
of a Lentil ; bnt is extended to any Optic Glafs not very 
thick, which either collefts the Rays of Light into a Point 
in their Paffage thro’ it, or difperfes them apart, according 
to the Laws of Refraftion. If convex on both Sides, it is 
called a Convex Lens •, but if one Side be flat, a Plano" 
Convex : If concave on both Sides, it is term’d a Concave 
Lens; if flat on one Side, a Plano-Concave if convex on 
‘one Side and concave on the other, a CinvexQ-Concave, of 
Concavo-Convex. 

of 


1 
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of Microfcopes, is not in me to determine ; 
the Honour has been given by fome to 
Drebbel a Dutchman^ by others to Fon¬ 
tana di Neapolitan^ and by others fliil to 
difierent People, The firfl Appearance of 
them however was about the Year 1621 j 
/ince \vdien they have been improving down 
to the prefent Time. 

As my Defire is to make People fenfible 
6f the Pleafnre and Information the Micro- 
fcope can afford, and inflrucSt them how to 
I'lianage and underfiand it, rather than how 
to make it, I fiiall take up none of their 
Time with the Manner of melting, grind¬ 
ing, poliQaing, or fetthig of gUfifes; a Work 
very few of my Readers will ever trouble 
themfclves about. Bat, inftead thereof, I fhall 
endeavour, with all the .Brevity and Clear-- 
nefs 1 am able, to explain the Effedts of 
GLffes on the Sight, and lead them gradu¬ 
ally into the Nature, Ufes, and magnifying* 
Powers of Microfeopes. 

When Objedls are feen through a per- 
fedtly fiat Glafs, the Rays of Light pals 
through it from them to the Eye in a flrait 
Direction, and parallel to each other; and, 
confequently, the Objedls appear very little 
either diminifhed, or enlarged, or nearer, or . 
farther off, than to the naked Eye. But if 
the Glafs they are feen through' has any De¬ 
gree of Convexity, the Rays of Light are' 
ditedted from the Circumference towards" 
R 2- 



4 O/"Microscopes In general. 

the Center, in an Angle proportionable to 
the Convexity of the Glafs, and meet in a 
Point, at a greater or lefs Diftance from the 
Glafs, as it is lefs or more convex. This 
Point, v/here the Rays meet, is called the 
Focus j and this Focus is nearer or farther 
off, according to the Convexity of the Glafs: 
for as a little Convexity throws it to a con- 
fiderable Diftance, when the Convexity is 
much, the Focus is very near. Its r/iagnF 
fying Power is alfo in the fame Proportion 
to the Convexity : for as a flat Glafs magni¬ 
fies fcarce at all, the lefs a Glafs departs 
from Flatnefs, the lefs of courfe it magni¬ 
fies ; and the more it approaches towards a 
globular Figure, the nearer its Focus is, and 
the more its magnifying Power. 

People’s different Length of Sight depends 
on the fame Principle, and arifes from a 
more or lefs Convexity of the Cornea and 
Cryjialline Humour of the Eye : the round¬ 
er thefe are, the nearer will the Focus or 
Pomt of meeting Rays be, and the nearer 
an ObjeCl mu ft be brought to fee it well. 
The Cafe of fhort-fighted People is only an 
over Roundnefs of the Eye, which makes a 
very near Focus j and that of old People is 
a finking or flattening of the Eye, whereby 
the Focus is thrown to a great Diftance : 
fo that the former may properly be called 
Eyes of too fhort, and the latter Eyes of too 
long a Focus. Hence too, the Remedy for 

the 
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the laft is a convex Glafs, to fupply the 
want of Convexity in the Eye itfelf, and 
bring the Rays to a fliorter Focus ; whereas 
a concave Glafs is needful for the firft, to 
fcatter the Rays, and prevent their coming 
to, a Point too foon. 

Nothing is more common than to obferve 
gld People holding Objedls they would ex¬ 
amine at a great Diftance from them^ for 
the Reafon above-mentioned ; and every 
body knows, fhort-fighted People cannot 
diftinguilh any thing without bringing it 
very near their Eyes. Both Extremes are 
inconvenient j but thofe whofe Eyes are flat 
by Age, lliould remember with Satisfaction, 
that they have enjoy’d the Pleafure of them 
for many Years ; and the fliort-fighted may 
comfort themfelves, that they can diftin- 
guifli much fmaller Objeds than long fight- 
ed People; for the Objed is magnify’d in 
Proportion to the Roundnefs of the Eye and 
the Nearnefs of the Focus, and confequent- 
ly appears four times as big to an Eye whofe 
Focus is but four Inches off, as it docs to 
one whofe focal Diftance is at eight Inches. 
They have alfo this farther Advantage, that 
Age improves their Eyes, by the fame means 
it impairs other People’s, that is, by mak¬ 
ing them more flat. 

The nearer any Objed can be brought to 
the Eye, the larger will be the Angle under 
which it appears, and the more it will be 
B 3 mag- 
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magnified. Now, that Diftance from the 
naked Eye, where the generality of People 
are flippoied to fee fmall Objedls heft, is, at 
about eight Inches; confequently, when fiich 
Objedts are brought nearer than eight Inches, 
(fuppofe to hx) they’ll become Icfs diftindt j 
and if nearer flill, on to four pr three, they 
will fcarce be feen at all. But by the help 
of convex Glaffes we are enabled to view 
things clearly at much fliorter Diftances 
than thefe: for the Nature of a convex Lens 
is, to render an Objedt diftindlly vifible to 
the Eye at the Diftance of its Focus; 
wherefore the fmaller a Lens is, and the 
more its Convexity, the nearer is its Focus, 
and the more its magnifying Pov/er. , 

As it is an eafy matter to melt a Glafs 
Drop or Globule of a much fmaller Dia¬ 
meter than any Lens can poftibly be ground, 
and as the Focus of a Globule is no farther 
off than one quarter of its own Diameter, 
and confequently it muft magnify to a pro¬ 
digious Degree, fome Years ago People were 
extremely fond of fuch Globules, and ima¬ 
gin’d no good Microfeope could be without 
them : but Experience has fince taught, that 
they admit fo little Light, can ftiew fuch an 
exceedingly minute part only of any Ob- 
jedt, are fo diftrcult to make ufe of, and 
ftrain the Eyes fo much, that their Power of 
magnifying, for want of due Diftindnefs, 
is rather apt to produce Error than difeover 
Truth; 
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Truth : and therefore now they are very 
rarely employed. 


CHAP. II. 

Of the Kinds of Microscopes. 

M icroscopes are either Single or 
Double : the Single have but one 
Lens; the Double are a Combination of 
two or more. Each of thefe two Kinds has 
its particular Advantage : for a lingle Glafs 
fhews the Objedb nearer at hand, and rather 
more diftindt j and a Combination of Glaf- 
fes prefents a larger Field, or, in other 
Words, exhibits more of an Objedl, equally 
magnified, at one View. It is difficult to 
determine which of thefe to recommend, 
fince each affords a different Kind of Plea- 
fure. Each of them too can produce con- 
fiderable Authorities in its Favour j for Mr. 
Leeuwenhoek never ufed any but^fingle 


* Several Writers reprefent theGlaffes Mr.L keuwenhoek 
made ufe of in his Microfcopes to be little Globules or 
Spheres of Ghfs, which Miftake moil: probably arifes from 
^heir undertaking to defcribe what they had never feen : 
for at the Time I am writing this, the Cabinet of Micro¬ 
fcopes left by that famous Man, at his Death, to the Rt^al 
Solely, as a Legacy, is handing upon my Table ; and I can 
affuVe the World, that every one of the twenty-fix Micro¬ 
fcopes contained therein is a double convex Lens, and not a 
.Sphere or Globule, 

B 4 Micro- 
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Microfcopes; and, on the contrary, Mr. 
H ooKE made all his Obfervations with 
double ones. 

The famous Microfcopes of Mr. Leeu¬ 
wenhoek are the mod: hmple poffible, be¬ 
ing only a (ingle Lens, fet between two Plates 
of Silver perforated with a fmall Hole, with a 
moveable Pin before it to place the Objedl 
on, and adjuft it to the Eye of the Beholder. 
By thefe he made thofe wonderful Difcove- 
ries which furprized the World fo much, 
and introduced a new Syftem of Philofophy 
andReafoning, as in theCourfe of thisTrea- 
tife I fliall find occafion more at large to 
mention. 

There are many pretty little Contrivances 
fold at the Shops for the viewing of fmall 
Objedts, which are entertaining as far as can 
reafonably be expedled from them : but to 
enumerate all thefe would be a tediousTafk. 
It would alfo be a matter more of Curiofity 
than Profit, to defcribe the Forms and Ap¬ 
paratus of the feveral Kinds of Microfcopes 
that have been contrived fince the firft In¬ 
vention of them. I (hall therefore confine 
my felf to give an account of fuch only in 
ufe among ourfelves at prefent, as by having 
a proper Set of GlalTes, gradually magnifying 
one above another, are fit to make Difcove- 
ries of Confequence. 


CHAP. 
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CHAP. III. 


Of Mr. Wi L s o n’^ Smgle Focket^ 
Microfcope. 

H E fir ft that I ftiall mention, is, 

f Mr. Wilson’s fngle Pocket Micro- 
fcope-i the Body whereof made either of 
Brafs, Ivory, or Silver, is reprefented (Plate I.) 
by ^A. BB. 

CC. is a long fine-threaded male Screw, 
that turns into the Body of the Microfcope. 

D. a convex Glafs at the End of die faid 
Screw. 

* Two concave round Pieces of thin Brals, 
with Holes of difterent Diameters in the 
middle of them, to cover the faid Glafs, and 
thereby dimiiiiili -the Aperture when the 
greateft Magnifiers are employed. 

EE. three thin Plates of Brafs within the 
Body of the Microfcope, one whereof is bent 
femicircularly in the middle, fo as to form 
an arched Cavity for the Reception of a Tube 
of Glafs, whereas the two flat Plates are to 
receive and hold the Sliders between them. 

F. a piece of Wood or Ivory, arched in 
the Manner of the femicircular Plate, and 
cemented thereto. 

G. the other End of the Body of the 
Microfcope, where a hollow female Screw 
is adapted to receive the difterent Magnifiers. 

1 H. 
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H. a fpiral Spring of Steel, between the 
faid End G and the Plates of Brafs; intended 
to keep the Plates in a right Pofition, and 
counteradl againfl; the long Screw CC. 

I. a fmall turn’d Handle, for the better 
holding of the Inftrument, to fcrew on or 
off at pleafure. 

To this Microfcope belong* feven different 
magnifying Glaffes: fix of them are fet in 
I Silver, Brafs, or Ivory, as in the Figure K, 
and marked i. 2. 3. 4. 5. 6^ the lowed 
Numbers being the greateft Magnifiers. 

L. is the feventh Magnifier, fet in the 
Manner of a little Barrel, to be held in the 
Hand for the viewing any larger Objedf. 

M. is a flat Slip of Ivory, called a Slider, 
with four round Holes through it, where¬ 
in to place Objeds between two Glaffes or 
Pieces of Mujcovy Talc, as they appear 
dddd. 

Eight fuch Ivory Sliders, and one of Brafs, 
are ufiially fold with this Microfcope; fome 
with Objedls placed in them, and others 
empty, for viewing any thing that may of¬ 
fer ; but whoever pleafes to make a large 
Colledtion of Objedts, may have as many as 
he defires. 

The Brafs Slider is to confine any fmali 
Objedl, that it may be viewed without 
crufhing < )r deftroying it. 

N. is a Forceps, or Pair of Plyers, for the 
taking up of Infedls or other Objedls, and 
adjufting them to the Glaffes. 
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O, a little Hair-Brufh or Pencil, where¬ 
with to wipe any Dull: from off the Glaffes, 
or to take up any fmall Drop of Liquid one 
would examine, and put it upon the Talcs 
or Ifinglafs.- 

P. is a Tube of Glafs, contrived to confine 
living Objedis, fuch as Frogs, Fifhes, &c. 
in order to difcover the Blood, as it dreams 
along the Veins and Arteries. 

All thefe Particulars are contained in a 
little neat Box, very convenient for carrying 
in the Pocket. 

When an Objed is to be view’d, thrud 
the Ivory Slider, in which the faid Objed is 
placed, between the two flat Brafs Plates 
EE : obferving always to put that fide of the 
Slider where the Brafs Rings are, fartheft 
from your Eye. Then fcrew on the mag¬ 
nifying Glafs you intend to ufe, at the End 
pf the Inftrument G j and looking through 
it againfl: the Light, turn the long Screw 
CC, till your Objed be brought to fit your 
Eye j which you will know by its appearing 

then perfedly diftind and clear.-’Tis bed 

to look at it fird through a Magnifier that 
can drew the Whole thereof at once, and 
afterwards to infped the feveral Parts more 
particularly with one of the greated Magni¬ 
fiers ; for thus you will gain a true Idea of 
the Whole, and of all its Parts. And tho' 
the greated Magnifiers can drew but a mi¬ 
nute Portion of any Objed at once, fuch as 

the 
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the Claw of a Flea, the Horn of a Loiife, 
or the like; yet by gently moving the Slider 
that contains your Obje6l:,, the Eye will gra^ 
dually overlook it all : and if any Part fl.'ould 
be out of Diftance, the Screw CC will eafily 
bring it to the true Focus, 

As Objefls muft be brought very near the 
Glades when the greateft Magnifiers are 
ufed, be particularly careful not to fcratch 
them, by ru bbing the Slider again ft them, 
as you move it in or out. A few Turns of 
the Screw CC will eafily prevent this Mif- 
chief, by. giving them Room enough. 

You may change the Objects in your 
Sliders, for what others you think proper, 
by taking out the Brafs Rings with the Point 
of a Pen-knife ; the Ifinglafs will then fall 
out, if you but turn the Sliders ; and after 
putting what you pleafe between them, by 
replacing the Brafs Rings, you will fatten 
them as they were before. ’Tis proper to 
have fomc Sliders furnifiied with Talcs, but 
without any Objeds between them, to be 
always in Readinefs for the Examination of 
Fluids, Salts, Sands, Powders, the Farina 
of Flowers, or any other cafual Objeds of 
fuch fort as need only be apply’d to the Out- 
fide of the Talc. 

The Circulation of the Blood may eafiefi; 
be feen in the Tails or Fins of Fifiies, in the 
fine Membrane between a Frog’s Toes, or, 
befl of all, in the Tail of a Water-Newt. 

If 
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If your Objecft be a fmall Fifh, place it with¬ 
in the Tube, and fpread its Tail or Fin a- 
gainfl the Side thereof: if a Frog, chufe 
iuch an one as can but juft be got into your 
Tube, and with a Pen or Stick expand the 
tranfparent Membrane between the Toes of 
the Frog’s hind Foot as wide as you are able. 
When your Objedl is fo adjufted, that no 
part thereof can intercept the Light from 
the Place you intend to view, unfcrew the 
long Screw CC, and thruft your Tube into 
the arched Cavity, quite thro’ the Body of 
the Microfcope j then fcrew it to the true 
focal Diftance, and you’ll fee the Blood pafT- 
ing along its Veflels with a rapid Motion, 
and in a moft furprizing Manner. 

Make ufe of the third or fourth Magnifier 
for Frogs, or Fifties; but for the Tails of 
Water-Newts, the fifth or fixth will do ; 
becaufe the Globules of their Blood are twice 
as large as thofe of Frogs or Fifti. The firft 
or fecond Magnifier cannot well be employ¬ 
ed to this Purpofe, for the Thicknefs of the 
Tube wherein the Objcdt lies, will fcarce 
admit its being brought fo near as the focal 
Diftance of the Magnifier. 

The Single Microfcope above defcrib^d, 
may be formed into a Double One^ by fcrew- 
ing it to a Tube with an Eye-Glafs at the 
End thereof; it is alfo made to anfwer 
nearly the Purpofes of the large Double Re^ 
feBing MicroJ'cope by the Contrivance fol¬ 
lowing. CHAP, 
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CHAP. IV. 

A new Indention for fixing the Pocket Mi- 
crofcopcj and giving Light to it by a 
Speculum. Plate 11 . 

I N this Plate, A is a Scroll of Brafs, fix’d 
upright on a round Fedeftal of Wood/ 
B. fo as to ftand perfectly firm and fteady. 

C. is a Brafs Screw, that pafles through a 
Hole in the upper Limb of the Scroll, into 
the Side of the Microfcope D, and fcrews 
it fiift to the faid Scroll. 

E. a concave Looking-glafs or Speculum, 

, fet in a Box of Brafs, which hangs in the 
ArchG, by two fraall Screwsyy’ that fcrew 
into the oppofite Sides thereof. 

At the Bottom of the faid Arch is a Pin 
6f the fame Metal, exadly fitted to a Hole 
h, in the wooden Pedeflal, made for the 
Reception of the faid Pin., 

As the Arch turns on this Pin, and the 
Speculum turns on the Ends of the Arch, it 
may, by this twofold Motion, be eafily ad- 
jufted, in fuch a Manner, as to refled the 
Light of the Sky, the Sun, or a Candle/ 
diredly upwards, through the Microfcope 
that is fixed perpendicularly over it j and 
by fo doing, may be made to anfwer almoft 
dll the Ends of the large Double RefieBing 
Microfcope^ W’hich I fhall prefently defcribe. 

The 
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Tne Body of the Microfcope may alfo be 
fixt horizontally, and Objedls may be view’d 
in that Pofition, by any Light you chufe ; 
which is an Advantage the Reflefting Micro¬ 
fcope has not. 

It may alfo be render’d farther ufeful, 
by means of a Slip of Glafs, one End of 
which being thruft between the Plates where 
the Sliders go, and the other extending to 
fome Diftance, fuch Objefts may be placed 
thereon, as cannot be applied in the Sliders : 
and then, having a Limb of Brafs that may 
fallen to the Body of the Microfcope, and 
extend over the projefting Glafs a hollow 
Ring wherein to ferew the Magnifiers, all 
forts of Subjedls may be examined with great 
Conveniency, if a Hole be made in the Pe- 
deftal, to place the Speculum exadlly under¬ 
neath, to throw up the Rays of Light. 

The Pocket Microfcope thus fixt, is, if I 
may prefume to judge, as eafy and pleafant 
in its Ule, and as fit for the mofi: curious 
Examination of the Animalcules and Salts in- 
Fluids, of the Farinse in Vegetables, of the 
Circulations in finall Creatures; in fiiort, it 
is as likely to make confidcrable Diicoveries' 
in Objects that have fome Degree of Tranf- 
parency, as any Microfcope I have ever feen 
©r heard of. It is alfo a material Part of the 
Solar or Camera Obfeura Microfcope^ which 
I fliall by and by deicribe. 


CHAP. 
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CHAP. V. 

Reflect INC Microscope. 

T H E Trouble RejieBing Microfcope in 
ufe at prefent, (whofe Pidure with 
its Apparatus is feen Plate 111.) is an Altera¬ 
tion and Improvement by Mr. Culpeper 
and Mr. Scarlet, of Mr. Marsh all’s 
large Double Microfcope j than which it is 
Icfs cumberfome, may be managed with 
much more Eafe, and by means of a re- 
fleded Light, is capable of fliewing Objeds 
in a clearer and more pleafing Manner. 

The Body of this Microfcope A A A A, 
being a large Tube, is fupported by three 
Brafs Pillars bb b, riling from a wooden Pe- 
<101131 C j in which Pedellal is a Drawer D, 
to hold the Objed-GlalTes and other Parts 
of the Apparatus. 

A lelTer Tube e e, Hides into the greater, 
and fends from its Bottom another Tube 
much fmaller than itfelf, f with a male 
Screw g^ at the End thereof, whereon to 
Icrew the Objed-Glafs or Magnifier. 

There are five of thefe Magnifiers, num¬ 
ber’d I, 2, 3, 4, 5, which Numbers are alfo 
marked on the inner Tube, to dired where¬ 
about to place it according to the Magnifier 
made ufe of: but if then it fits not the Eye 
exadlvj Hide tlie inner Tube gently higher 

or 
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or lower, or turn the Screw of the Magni¬ 
fier gradually, till the Objed; appears dif- 
tind.-Take notice, that the greateft Mag¬ 

nifiers have the fmallefi: Apertures and the 
loweft Numbers. 

L. is a circular Plate of Brafs, fixt hori¬ 
zontally between the three Brafs Pillars, and 
in the Center thereof a round Hole M. is 
adapted to receive a proper Contrivance N. 
for holding Ivory Sliders wherein Objeds 
are placed : which Contrivance confifts of 
a fpiral Steel Wire confined between three 
Brafs Circles, one whereof is moveable for 
the Admiffion of a Slider. 

O. is a round Brafs Plate, with feveral 
Holes for placing Objeds in, fome of which 
are ufually furnifli’d with them at the Shops: 
but two Holes are commonly referved for 
fmall concave Glalfes, whereon to place a 
Drop of any Liquid, in order to view the 
Animalcules, &c. There is alfo a piece of 
white Ivory, and a piece of black Ebony, 
of the fame Size and Shape as the Holes for 
Objeds: the Ivory is to put opake Objeds 
on that are black, and the Ebony is to re¬ 
ceive fuch as are white j by which Contra¬ 
riety of Colours they will be feen more 
clearly.—At the Bottom of thisObjed-Plate 
is a Button, to flip into a Slit P. that fits it, 
on the circular Plate of Brafs: and by turn¬ 
ing it round on this Pin, all the Objeds 
C may 
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may be examin’d fucceffively with very littlfe 
Trouble. 

Q^is a concave Looking-glafs, fet in a 
Box of Brafs, and turning in an Arch R. 
upon two fmall Screws s s. From the Bot¬ 
tom of the Arch comes a Pin, which by 
letting down into a Hole t. in the Center of 
the Pededal, enables it to turn vertically, or 
horizontally, and refled: the Light, either of 
a Candle, or the Sky, diredly upwards on 
the Objed to be viewed. 

V. is a Plano-convex Lens, which by 
turning on two Screws when the Pin at 
the Bottom of it is placed in the Hole W. 
for its Reception in the circular Plate L. will 
tranfmit the Light of a Candle, to illuminate 
any opake Objed that is put oil the round 
Piece of Ivory, or on the Ebony, for Exami¬ 
nation : and it may be moved higher or low¬ 
er as the Light requires. This Glafs is of 
good fervice to point the Sunfhine, or the 
Light of a Candle upon any opake Objed j 
but in plain Day-light it is of no great ufe. 

X. a Cone of black Ivory, to faften on a 
Shank underneath the Brafs circular Plate L. 
principally, when the firfl: or fecond Magni¬ 
fier is made ufe of, and the Objed very 
tranfparent ; for Experience teaches, that 
■fuch Objeds are render’d much more dif- 
tindly vifible, by intercepting fome part of 
the oblique Rays refieded from the concave 
Looking-glafs. 
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. The Brafs Fi£h-pan Y. is, to faften a Smelt, 
tifudgeon, or any fuch fmall Filh upon, to 
fee the Blood circulate in its Tail. For 
which purpofe, the Tail of the Fiih muft 
be fpread acrofs the oblong Hole at the 
fmalleft End of the Pan : then, by flipping 
the Button on the Backfide of the Pan into 
the Slit P, through the circular Plate L. the 
Spring that comes from the Button will make 
it fteady, and prefent it well to View. 

But if it be a Frog, a Newt, or Eel, in 
which the Circulation is defired to be fhewn, 
a Glafs-Tube i. is fitted; for the purpofe. 
The Tail of a Newt, or Eel, or, in a Frog, 
the Web between the Toes of the Hind- 
Feet, are the Parts where it may be feen 
bcft. When theObjedl is well expanded on 
the Infide of the Tube, Aide the Tube along 
under the circular Brafs Plate L. (where there 
are two Springs and a Cavity made in the 
Shank to hold it) and bring your ObjecSl di- 
redly under the Magnifier. 

There are three of thefe Glafs Tubes, 
fmaller one than another, and the Size of 
the Objed muft dired which to ufe; but in 
general, the Icfs Room the Creature has to 
move about in, the eafier it may be manag¬ 
ed, and the quieter it will lye to be exa¬ 
mined. 

The Cell 2. with a concaVe and a plain 
Glafs in it, is intended to confine Fleas, 
Lice, Mites, or any fmall living Objeds, 
C 2 during 
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during pleafure ; and by placing it over the 
Hole M. in the middle of the circular Brafs 
Plate, they may be viewed with much Con- 

veniency..Three loofe Glaffes, viz. one 

plain, and two concave, belong alfo to this 
Microfcope, and are deligned to confine 
Objedts, or place them upon occafionally. 

The long Steel Wire 3. with a pair of 
Flyers at one End, and a Point at the other, 
to hold faft, or flick Objedts on, flips back¬ 
wards or forwards in a Brafs fhort Tube, 
whereto a Button is faflened, which fits in¬ 
to the little Hole near the Edge of the 
Brafs Plate L : and, then, the Objedt may be 
readily brought to a right Pofition, and a 
Light be cafl upon it, either by the Looking- 
glafs underneath, or, if it be opake, by the 
Plano-convex Lens V. 

4. is a flat Piece of Ivory called a Slider, 
with four round Holes through it, and Ob- 
jedls placed in them, between Talcs 

or Ifinglafs, kept in by Brafs Wires. 

It is proper to have a Number of thefe 
Sliders filled with curious Objects, always 
ready, as well as fome empty ones, for any 
new thing that offers. When made ufe of, 
thrufl them between the Brafs Rings of the 
Contrivance on purpofe for them, N. which 
fhoots into the round Hole M. in the Center 
of the Brafs Plate L. This keep them 
fleady, and at the fame time permits them 
to be moved to and fro for a thorough Exa^ 
mination. A 
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A little Ivory round Box 5. to hold pieces 
of Ifinglafs for the Sliders. 

6. a fmall Hair Brufh, to wipe any Dud 
off the Glalfes, or to apply a Drop of any 
Liquid. 

7. a pair of Nippers, to take up any Ob¬ 
ject to be examined. 

The two Microlcopes I fhall defcribe next, 
n)iz. the Solar, or Camera Ohftura Micro^ 
fcope, and the Microftope forOpake OhjeBs, 
are of a foreign Invention, and but lately 
known to us. We are, indeed, obliged for 
them both to a Gentleman of Pruffia, the 
ingenious Dr. LieerkhUN, who when he 
was in England, dhont two Years ago, (hew¬ 
ed an Apparatus for each of thefe Purpofes, 
of his own Contrivance and Workmanlhip, 
to feveral Gentlemen of the Royal Society, 
and alfo to fome Opticians; amongft whom, 
Mr. Cuff, againft Serjeants-Inn Gate, in 
Fleet fir eet, has taken great Pains to improve 
and bring them to Perfe6tion: and therefore 
I (hall give a Defeription of them, as made 
and fold by him. 
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Of the Solar^ or 


CHAP. VI. 

Solar ^ or Camera Obfcura Mi cr of cope, 

T his Microfcopedepends on the Sun- 
fhine, and muft be made ufe of in a 
darken’d Chamber, as its Name implies. 

It is compofed of a Tube, a Looking- 
gkfs, a convex Lens, and Wilson’s fingle 
Pocket Microfcope before defcribed, p. 9. 

The Tube is of Brafs, near two Inches 
in Diameter, fixed in a circular Collar of 
Mahogany which, turning round at plea- 
fure, in a fquare Frame of the fame Wood, 
may be adjufted eafily to a circular Hole in 
the Shutter of a Window whereon the Sun 
comes; in fuch a manner, that no Light 
can pafs into the Room but through the 
aforefaid Tube. 

Fafliened to the Frame, by Hinges, on 
the Side that goes without the Window, is 
a Looking-glafs : which (by means of a 
jointed Wire coming thro’ the Frame, to¬ 
gether with a Brafs Pulley, that by the 
eroding of a Cat-gut ferves to turn it round) 
may be moved, either vertically, or horizon¬ 
tally, as the Situation of the Sun drall re¬ 
quire, to throw its Rays through the Brafs 
Tube into the darken’d Room. 

The End of the Tube without the Window 
has a convex Lens, to collect the Rays, and 
I " bring 









A Plate of the Solar Microscope being 
given^ in the Second Edition of the Micro¬ 
scope MADE EASY, it was foundnecejfary 
to draw up a new Defcription of that In- 
frument, conformable thereto^ and im. the 
following Manner. 
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T his Mlcrofcope depends on the Sun-fhine, and mull 
be made ufe of in a darkened Chamber, as its Name 
implies. 

It is compofed of a Tube, a Looking-glafs, a convex Lens, 
and Wi lson’s Angle Pocket Microfcope before defcribed, p. 9. 

The Sun’s Rays being diredled by the Looking-glafs through 
the Tube upon the Objeft, the Image or Pifture of the Objeft 
is thrown, diftin<El;ly and beautifully, upon a Screen of white 
Paper, or a white Linen Sheet, placed at fome Diftance to 
receive the fame ; and may be magnified, to a Size beyond 
the Imagination of thofe who have not feen it: for the far¬ 
ther off the Screen is removed, the larger will the Objeft ap¬ 
pear ; infomuch, that a Loufe may be magnified to the 
Length of five or fix Feet, or even a great deal more : but it 
is indeed, more diftindl, when not enlarged to above half that 
Size. 

The Apparatus for this Purpofe, as reprefented in the Plate 
annexed, is as follows. 

A. a fquare wooden Frame, through which two long 
Screws pafs, and, aflilled by a Couple of Nuts i. i. faften it 
firmly to a Window-lhutter, wherein a Hole is made for its 
* Reception j 



Reception ; the two Nuts being let into the Shutter, and made 
fail thereto. 

A circular Hole is made in the middle of this Frame, to 
receive a Piece of Wood of a circular Figure, B, whofe Edge, 
that prpjedls a little beyond the Frame, compofes a lhallow 
Groove z, wherein runs a Cat-gut 3 ; which by twilling 
round, and then crofling over a Brafs Pulley, 4, (the Handle 
whereof, 5, paffes through the Frame) affords an eafy Mo¬ 
tion for turning round the circular Piece of Wood B, with all 
the Parts thereto affixt. 

C is a Brafs Tube covered with Seal-Skin, which fcrewing 
into the Middle of the circular Piece of Wood, becomes a 
Cafe for the uncovered Brafs Tube D, to-be drawn backwards 
or forwards in. 

E a fmaller Tube of about one Inchin Length, cemented 
to the End of the larger Tube D. 

F is another Ihort Brafs Tube, made to Hide over the above- 
defcribed Tube E. To the End hereof the Microfcope mull 
be fcrewed when we come to ufe it. 

5, A convex Lens, whofe Focus is about twelve Inches, 
deligned to colIeS the Sun’s Rays, and throw them more 
llrongly upon the Objeft. 

G, a Looking-glafs of an oblong Figure, fet in a wooden 
Frame, fallened by Hinges to the circular Piece of Wood B, 
and turning about therewith, by means of the above-mention¬ 
ed Cat-gut. 

H, a jointed Wire, partly Brafs and partly Iron : the 
Brafs Part whereof, which is flat 6, being fallened to the 
Looking-glat, and the Iron Part, which is round 7, paffmg 
through the wooden Frame, enable the Obferver (by putting 
it backwards or forwards) to elevate or decline the Glafs ac¬ 
cording to the Sun’s Altitude. 

8, a Brafs Ring at the End of the jointed Wire, whereby to 
manage it with the greater Eafe. 

N. B. The Extremities of the Cat-gut are fallened to a 
Brafs Pin, by turning of which it may be braced up, if at 
any time it becomes too flack. This Pin lying behind could 
not be Ihewn in the Pidure. 

When this Microfcope is employed, the Room mull be ren¬ 
dered as dark as poffjble : For on the Darknefs of the Room, 
and the Brightnefs of the Sunlhine, depend the Sharpnefs and 
Perfedlion of your Image. Then putting the Looking glafs 
G through the Hole in your Window-Ihutter, fallen the fquare 
Frame A to the faid Shutter by its two Screws and Nuts, i. i. 

This 



This done, adjuft your Looklng-gkfs to the Elevation and 
Situation of the Sun, by means of the jointed Wire H. toge¬ 
ther with the Cat-gut and Pulley 3. 4. For tlte firft of thefe 
railing or lowering the Glafs, and the other inclining it to 
either Side, there refults a twofold Motion, which may eafily 
be fo managed as to bring the Glafs to a right Pofition ; that 
is, to make it refleft the Sun’s Rays direftly through the Lens 
5, upon the Paper Screen, and form thereon a Spot of Light 
exaftly round *. 

As foon as this appears, fcrew the Tube C into the Brafs 
Collar provided for it in the Middle of your Woodwork, 
taking care not to alter your Looking-glafi ; then fcrewing 
the Magnifier you chufe to employ to the End of your Mi- 
crofcope, in the ufual Manner, take away the Lens at the 
other End thereof, and place a Slider, containing the Objedl 
to be examined, between the thin Brafs Plates, as in the other 
Ways of ufing the Microfcope. 

Things being thus prepared, fcrew the Body of your Mi¬ 
crofcope to the Ihort Brafs Tube F, which flip over the fmall 
End E of the Tube D, and pull out the faid Tube D lefs 
or more, as your Objeft is capable of enduring the Sun’s Heat. 
Dead Objefts may be brought within about an Inch of the 
Focus of the convex Lens, 5 ; but the Diftance muft be Ihort- 
ened for living Creatures, or they will foon be killed. 

If the Light falls not exadly right, you may eafily, by a 
gentle Motion of the jointed Wire and Pulley, direft it 
through the Axis of the microfcopic Lens. 

The Ihort Tube F, which your Microfcope is fcrewed to, 
enables you, by Aiding it backwards or forwards on the other 
Tube E, to bring your Objefts to their true focal Diftance ; 
which will be known by the Sharpnefs and Clearnels of thejr 
Appearance : they may alfo be turned round by the fame 
Means, without being in the leaft difordered. 

The Magnifiers moft ufeful in the Solar Microfcope are, in 
general, the fourth, fifth, or fixth. 


* Though obtaining a perfeftly circular Spot of Light upon the Screen 
before you apply the Microfcope, is a certain Proof that your Looking- 
glafs is adjufted right, that Proof muft not always be expeaed : for the 
Sun is fo low in Winter, that if it fliines in a direa Line againft the 
Window, it cannot then afford a Spot of Light direaly round. But if it 
be on either Side of you, a round Spot may be obtained even ui De¬ 
cember, 


Mention 



Mention having been often made of a Screen to throw 
the Images of Objeds on, it is proper to inform the Reader, 
that fuch a Screen is ufually compofed of a Sheet of the largeft 
Elephant Paper, ■ ftrained on a Frame, which Aides up, or 
down, or turns about at pleafure on a round Wooden Pillar, 
in the manner of fome Fire-fcreens. Larger Screens are like- 
wife made fometimes, with feveral Sheets of the fame Paper 
palled together on Cloth, and let down from the Ceiling with 
a Roller, like a large Map. 


The following Account of the Polype is 
likewife added by way of Note^ after the 
lafi Line of Page 98. 


S INCE the Publication of the above Accounts, fuch far¬ 
ther Particulars concerning this Animalcule have been re¬ 
ceived both from Holland and France, in anfwer to the inge¬ 
nious Enquiries of Martin Folkes, Efq; Prefidentof the 
Royal Society, and by him communicated to the faid 
Society, that it would appear an unpardonable Negled jhould 
I take no Notice of them. 

The Honourable Willi AM Bentinck, Efq; F. R. S. 
in a Letter from the Hague, dated 15th January N. S. 1743. 
iudofes Ibme Obfervations and Experiments drawn up by 
Mr. Trembley, (the young Gentleman mentioned page 
97. as the firll Difeoverer of the Singularity of this Infed, 
who now refides in Holland) and Mr. Bentinck fays, that 
he can anfwer for the Truth of the Fads therein contained, 
as there is not one of them but what he has feen repeated a- 
bove twenty times. 

Mr. Trembley gives a Drawing of Polype, with ele¬ 
ven Horns or Arms, and adhering by the Tail to a little 
Twig, but in all other Refpeds exadly cojiformable to Fig. 
IV. and V. Plate IX. The Horns, he fays, ferve for Legs 
and Arms, and at the End whence they come out, is a Mouth 
or PalTage into the Stomach* which extending the whole 
Length, forms a Body like a Pipe or Gut open at both Ends. 



He knows two Species, and has feen fbme ftretch their Bodies 
to an Inch and half in Length, but that is rare ; few, even 
of the larger Kind, being above nine or ten Lines long : and 
fuch can contraft themfelves to not above a fingle Line ; flop¬ 
ping, if they pleafe, at any Degree, between the utmoft Con- 
traftion and the utmoft Extenfion. Their Horns differ in 
Length according to the Species : one Sort can extend them 
feven Inches; their Number of Horns is alfo different j but a 
full-grown Polype has feldom lefs than fix. 

They don’t fvwm, but crawl ; either upon the Ground, on 
aquatic Plants, Pieces of Wood, Leaves, fs’r. all which are 
to be taken from the Bottom, Surface, Edges, or Middle of 
Ditches (when we hunt after thefe Animals) and put into a 
Glafs of clear Water ; where, after a little Reft, if there be 
any Polypes, they will be feen to extend their Arms, which 
they contradted upon being difturbed. 

Their common Pofture is, to faften their Tails to fomethlng, 
and then extend the Body and Arms into the Water: and tiiey 
make ufe of their progreflive Motion to place themfelves con¬ 
veniently for this Purpofe. Their Arms are fo many Snares, 
ftretched out to catch fmall Creatures in the Water ; and 
when any Infedl happens to touch an Arm, it is caught, and 
conveyed to the Mouth by the contradling of that Arm, or 
if the Creature ftruggles the other Arms affift. 

They are voracious Animals: A Polype can fwallow a 
Worm whole, twice or thrice its own Length. If the Worm 
comes Endways it is fwallovved in that manner, otherwife it 
goes down double, and makes feveral Foldings in the Sto¬ 
mach, which diftends wonderfully for its Reception. The 
Worm foon dies there, and after it has been fqueezed or fuck¬ 
ed, is voided by the Mouth., They eat more or lefs, fcldomer 
or oftener, as the Weather is hotter or colder, and grow in 
proportion to what they eat; they can live whole Months 
without Food, but wafte proportionably to their Failing. 

He fays, the Account {in the Philofiphical ’Tranfaaions be¬ 
fore quoted p. 55.) of the Manner how thefe Infefts multiply, 
is true and exadt, and the more one fearches into it, the more 
evidently it will appear to be done by a true Vegetation. The 
Polype brings forth its Young from the exterior Parts of the 
Body, and that not always a lingle young one at once : it is 
common to fee 5 or 6, uay fometimes 9 or 10 at the fame 
time, and when one drops off, another comes in its Place. 

For two Years, thoufands of them have been under his Eye, 
but he could never obferve any thing like Copulation amongft 
them. And left it fhould happen in feme fecret Manner be¬ 
tween the Old and Young, he has feveral times cut off a young 

One 



One from its Parent, and kept it in a Glafs alone ; notwith- 
ftanding which it bred very plentifully. And that no Copula¬ 
tion might poffibly be performed between the young ones them- 
felves, he has cut them off, one by one, as they fprouted out, 
and has kept each of them alone, and that for feven fucceffive 
Generations; but without finding any DifiFerence as to their 
Increafe. He has likewife feen a Polyfe bring forth young ones, 
and thofe again producing others, before the firft has been fe- 
parated from its Parent. They multiply more or lefs in pro¬ 
portion to their Feeding, and the Warmnefs of the Weather. 

But the molt amazing Part of Mr. Trembley’s Account, 
is, what he tells us, concerning his Operations on thefe Crea¬ 
tures. If one of them be cut in two, tranfverfly, the Fore- 
Part, which contains the Head, Mouth and Arms, lengthens 
itfelf, creeps, and eats, on the very fame Day. The Tail- 
Part forms a Head and Mouth at die w'ounded End, and 
(hoots forth Arms, more or lefs fpeedily as the Heat is favour¬ 
able. In Summer they will be Ihot out in 24 Hours, and the 
new Head perfefted in a few Days. 

Cut a Palyfe where or into what Parts you pltafe, tranf¬ 
verfly, each Part becomes a compleat Polype. But being too 
fmall an Animal to admit of being divided into many Parts at 
once, he firft cut one into four Q^rters, and let them grow ; 
then divided each Quarter, and proceeded, fubdividing, till 
he obtained fifty out of one : and has ftill by him feveral Pieces 
of the fame Polype thus cut above a Year ago, which have pro¬ 
duced Numbers of young ones. 

If a Polype be cut the long Way, through the Head, Sto¬ 
mach and Body, each Part is half a Pipe, with half a Head, 
half a Mouth, and fome of the Arms at one of its Ends. The 
Edges of thefe half Pipes gradually round themfelves, and unite, 
beginning at the Tail End ; and the half Mouth and halfSto- 
mach of each becomes compleat. All this he has feen done 
in lefs than an Hour, and the two Polypes thus formed differed 
nothing from whole ones, but in having fewer Arms; which 
Deleft a few Days fupplied. A Polype has been cut, length¬ 
ways, between 7 and 8 in the Morning, and between 2 
and 3 in the Afternoon, each Part has devoured a Worm as 
long as itfelf. 

Cutting a Polype, lengthways, through the Head and Body, 
but not quite through the Tail, in a Ihort time there will be 
tvvo perfeft Heads and Bodies with but one Tail: which 
Heads and Bodies, may, foon after, be again divided in like 
manner ; and thus, Mr. Tr em blev fays, he has produced a 
Polype with feven Heads and Bodies conjoined by one Tail. 



in their ftead ; and each of the feven Heads fo cat off, put¬ 
ting forth a new Body, became a compleat Polype. 

He cut a Polype, tranfverfly, afunder, and putting the two 
Parts clofe together, they united where they had been cut. 
The Creature eat the next Day, is grown fince, and has mul¬ 
tiplied. The Fore-Part of one Polype united in the fame man¬ 
ner to the Hind-Part of another. This compound Animal 
eat likewife the next Day, and has fince produced young ones 
from each of the Parts that formed it. But thefe two Experi¬ 
ments don’t always fucceed. 

’Twas faid before, that the Body of a Polype is a fort of hol¬ 
low Gut or Tube ; this he has found means to turn infide out, 
as one may turn a Stocking; and has feveral, at prefent, by 
him, whole Infides remain to be their Outfides • notwithftand- 
ing which, they eat, grow, and multiply, as if nothing had 
been done to ’em. He has repeated all thefe Experiments 
feveral times, with the utmoft Precaution, AlSduity and At¬ 
tention j and might appeal, he fays, to the Quality and 
Number of the Perfons who have feen them made by him, 
as well as of thofe who have made the fame themfelves. He 
adds, that in the Hiftory of the Polype, which he has in 
Hand, all the Methods and Contrivances ufed by him in his 
Obfervations will be defcribed, but even before its Publica¬ 
tion he is ready and willing to communicate any Information 
that may enable others to perform the like. 

Mr. Reaumur, Fellow of the Royal Academy of Sci¬ 
ences in Prance, declares (in the Preface to the lixch Volume 
of his Hiftory of InfeBs juft publilhed at Paris) that he has re¬ 
peated all Mr. Trembley’s Experiments, not only by him- 
felf, but with Mr. Jussieu and feveral others of the faid 
Academy, and found them fucceed as they had done in Hol¬ 
land, of which he gives a general and fuccinft Account. When 
f.-ft he faw two compleat Animals forming themfelves from 
the Parts of one Polype cut afunder, he knew not, he fays, 
how to believe his Eyes j and he can’t yet behold it, without 
new Amazement, tho’ he has feeri it an hundred and an hun¬ 
dred times. He adds, that the Curious in France foon began, 
to try if other Creatures might not be found with the fame 
extraordinary Faculty. That Mr. Bo n n e x foon difcovered 
a flender Water-Worm about one Inch and half long that had 
the fame Property j and Mr. Lyo n e xx found another above 
three Inches long, and the Thicknefs of the treble String of a 
Violin, which being cut into thirty or forty Parts afforded the 
fame Phatnomena. 
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Mr. Reaumur imagining tnat fome Sea Produftions* 
whole Shape fomewhat refetnbles this frejh Water Polype, fuch 
as the XJrtkee marines and Star-Fijh, might have the like Fa¬ 
culties, engaged Mr. Guett ARD and Mr. Jussieu to make 
Variety of Experiments on the Coafts of Poidou and Normandy. 
They broke and cut Star-FiJh into feveral Parts, and had the 
Pleafure to fee the feveral Parts continue alive, and their 
Wounds cicatrize and heal; and tho’ they could not Hay long 
enough in the Country to fee new Parts Ihoot forth inftead of 
thofe cut away ; Mr. Gerrard de Villars has feen the 
Urtices on the Coafts near Rochelle reproduce all the Parts cut 
off, and the Star-Fijh putting forth new Radii in the Room, of 
thofe they had been deprived of When the Fiftiermen faw 
Mr. Jussieu tearing and cutting one of thofe Animals in 
Pieces, they told him, ’twas Labour in vain, he could not kill 
it; Experience having taught them what Men of Learning had 
never fo much as heard of Mr. Reaumur and Mr. Bon¬ 
net found alfo fome forts of Earth-Worms,which being cut in 
two, each half had all its Deficiencies reproduced after fome 
Months. Many indeed died, but as fome fucceeded, the 
Mifearriages muft be imputed to want of Care, and not to the 
want of fuch an Ability in thefe Animals. 



Camera Obscura Microfcope. 23. 
bring them to a Focus ; and, on the End 
within the Room, Wilson^ Single Pocket 
Micrqfcope muft be fere wed, with the Ob- 
jed: to be examined, applied to it in a 
Slider. 

The Sun’s Rays being direded by the 
Looking-glafs through the Tube upon the 
Objed, the Image or Pidure of the Objed 
will be thrown, diftindly and beautifully, 
upon a Screen of white Paper, or a white 
Linen Sheet, placed at fome Piftance to 
receive the fame j and may be magnified, to 
a Size beyond the Imagination of thofe who 
have not feen it : for the farther off the 
Screen is removed, the larger will the Ob¬ 
jed appear; infomuch, that a Loufe may 
be magnified to the Length of five or fix 
Feet, or even a great deal more : but it is, 
indeed, more diftind, when not enlarged 
to above half that Size. 

When this Microfeope is employed, the 
Room muft be render’d as dark as pofiible: 
for on the Darknefs of the Room, and the 
Brightnefs of the Sunftiine, depend the Sharp- 
nefs and Beauty of your Image. The Tube 
and Looking-glafs fhould alfo be fettled right, 
before you put on the Microfeope •, the way 
of doing which is, by turning them about, 
until the Light becomes refleded in a dired 
Line through the Tube, and forms upon the 
Screen a bright Spot exadly round : for the 
Roundnefs of this Spot proves the true Po- 
C 4 fuion 
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fition of the Inftrument, and that the Mi- 

crofcope and Objed: may be then apply’d. 

Within the Tube is a diding Drawer, 
that pulls out more or lefs, as the Objed: is 
able to endure the Sun’s Heat. Dead Ob- 
jeds may be brought within about an Inch 
of the Focus of the convex Lens at the End 
of theTube without the Window ; but the 
Diftance muft be fhorten’d for living Crea¬ 
tures, or they will foon be killed. 

The Body of the Microfcope (after taking 
out the Lens at the End thereof) muft be 
fere wed to a fhortTube of about one Inch 
and a half in length, made to flip over the 
fmall End of the Aiding Drawer j by which 
means, the Objeds may be brought to their 
true focal Diftance, which will be known 
by the Clearnefs and Sharpnefs of their Ap¬ 
pearance : they may alfo be turn’d round, 
without being at all diforder’d. 

The Magnifiers are to be ferewed to the 
End of the Microfcope, and the Sliders ap¬ 
ply’d in the ufual manner j and, generally 
■(peaking, the fourth, fifth, or fixth Glafs 
exhibits the Objed beft. 

This Microfcope is the moft entertaining 
of any, and, perhaps, the moft capable of 
making Difeoveries, in Objeds that are not 
too opake; as it fhews them much larger 
than can be done any other way. There 
are alfo feveral Conveniencies attending it, 
which no other Microfcope can 'have : for 
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the weakeft Eyes may ufe it without the 
leaft Straining or Fatigue : Numbers of Peo¬ 
ple may view any Objed; together at the 
fame Time, and, by pointing to the parti¬ 
cular Parts thereof, and difcourfing on what 
lies before them, may be able better to un- 
derftand one another, and more likely to 
find out the Truth, than when, in other 
Microfcopes, they muft peep one after an¬ 
other, and perhaps fee the Objed neither in 
the fame Light, nor the fame Pofition. Such 
too as have no Skill in Drawing, may, by this 
Contrivance, eafily fketch out the exad Fi¬ 
gure of any Objed they have a mind to pre¬ 
serve a Pidure of; fince they need only fafi:- 
eia a Paper upon the Screen, and trace it out 
thereon either with a Pen or Pencil, as it 
appears before them. 

It is worth their while, who are defirous 
to take many Draughts this way,, to get a 
Frame, wherein a Sheet of Paper may be 
put or taken out at pleafure j for if the 
Paper be fingle, the Image of an Objed will 
be feen as plainly almoft on the back as on 
the fore Side, and by Handing behind the 
Screen, the Shade of the Hand will not ob- 
ftrud the Light in Drawing, as it mufi: in 
fome degree when one Hands before it. 

I muH obferve, that Dr. Liberkhun’s 
Solar Microfcope had no Looking-glafs be¬ 
longing to it, and therefore was of ufe a few 
Hours only in a Day, when the Tube could be 
I placed 
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placed directly againft the Body of the Sun, 
and even then not without a good deal of 
Trouble ; but by this lucky Contrivance of 
a Looking-glafs, the Sun’s Rays may be re- 
fleded thro’ the Tube, whatever its Height 
or Situation be, provided it fhines at all upon 
the Window, and that too with much Eafe 
and Advantage. 


CHAP. VII. 

Of the Microfcope for Opake ObjeBs. 

T his Microfcope remedies the Inconve¬ 
nience of having the dark Side of an 
Objed: next the Eye, which has hitherto been 
an unfurmountable Obftrudion to the mak¬ 
ing Obfervations on opake Objefls with any 
conliderable Degree of Exadnefs or Satif- 
fadion : for in all other Contrivances com¬ 
monly known, the Nearnefs of the Inftru- 
roent to theObjed: (when Glaffes that mag¬ 
nify much are ufed) unavoidably overfhadows 
it fo much as to render its Appearance ob- 
fcure and undiftind. And, notwithftanding 
Ways have been tried to point Light upon 
an Objed, from the Sun, or a Candle, by a 
convex Glafs placed on the fide thereof: the 
Rays from either can be thrown upon it in 
fuch an acute Angle only, that they ferve to 
give a confufed Glare, but are infufficient to 

afford 





for Opake Ohjedfs. 27 

afford a clear and perfed: View of the Ob- 
je<St. 

But in this new MIcrofcope, by means of 
a concave Speculum, of Silver, highly polida- 
ed, in whofe Center a magnifying Lens is 
placed, fo dired; and ffrong a Light is re¬ 
flected upon the Object, that it may be ex¬ 
amined with all imaginable Eafe and Plea- 
fure. 

The Apparatus for this Purpofe (as in the 
Plate, Numb. IV.) has afforded me more 
Delight and Satisfaction than I am able to 
defcribe ; and whoever trys it, will I believe 
join in my Opinion, that he never before 
faw an opake ObjeCf with fo much Clear- 
nefs, and in fo perfeCt and true a manner. 

The feveral Parts of this Inftrument made 
either of Brafs or Silver, are as follows. 

Through the firff fide, A. paffes a fine 
Screw B. the other End whereof is faftened 
to the moveable fide C. 

D. is a Nut adapted to the faid Screw, 
by the turning of which the two fides A. C. 
are gradually brought together. 

E. is a Spring of Steel, that feparates the 
faid two fides when the Nut is unferewed. 

F. a piece of Brafs turning round in a 
Socket, whence proceeds a friiall Spring Tube 
moving upon a Rivet, through which Tube 
there runs a Steel Wire, one End whereof 
terminates in a (harp Point G. and the other 
hath a pair ofdPlyers H. faffened to it.—The 

Point 
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Point and Flyers are to thru ft into or take 
up and hold any Infedt or Objedl: and either 
of them may be turned upwards, as fuits 
your Purpofe heft. 

I. a Ring of Brafs with a female Screw 
within it, mounted on an upright piece of 
the fame Metal, which turns round on a 
Rivet, that it may be fet at a due Diftance 
when the leaft Magnifiers are employed. 

_This Ring receives the Screws of all the 

Magnifiers. 

K. a concave Speculum of Silver, polifti’d 
as bright as pofiTible, in the Center of which 
a double convex Lens is placed, with a pro¬ 
per Aperture to look through it. On the 
Back of this Speculum a male Screw L. is 
made fit to the Brafs Ring I. to fcrew into 
the faid Ring at pleafure. 

There are four of thefe concave Specula, 
of different Depths, adapted to four Glafles 
of different magnifying Powers, to be ufed 
as Objedts to be examined may require. The 
greateft Magnifiers are known by having the 
leaft Apertures. 

M. a round Objedt-Plate, one fide white 
and the other black, intended to render Ob- 
jedls the more vifible, by placing them, if 
black on the white, and if white on the 
black fide. A Steel Spring N. turns down 
on each fide to make any Objedt faft : and 
iffuing from the Objedt-Plate is a hollow 
Pipe to fcrew it on the Needle’s Point G, 
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O. a fmall Box of Brafs, with a Glafs on 
each fide, contrived to confine any living 
Objed:, in order to examine it: this alfo has 
a Pipe to fcrew upon the End of the Needle 

G. 

P. a turned Handle of Wood, to fcrew 
into the Inflrument when it is made ufe 
of. 

Q^a pair of Brafs Plyers, to take up any 
Objed, or manage it with Conveniency. 

R. a foft Hair Brulh, to clean the Glalfes 
or Specula, or apply a Drop of any Liquid 
to the Ifinglafs of the Box O, in order to 
view the Animalcula. 

S. a fmall Ivory Box for Ifinglalfes, to be 
placed when wanted in the fmall Brafs Box 
O. 

When you would view any Objed, Icrew 
the Speculum, with the Magnifier you think 
bed to ufe, into the Brafs Ring I, Place your 
Objed either on the Needle G. in the Plyers 

H. on the Objed-Plate M. or in the Brafs 
hollow Box O. as may be mofi; convenient, 
according to the Nature and Condition of it: 
then holding up your Inftrument by the 
Handle P. look again ft the Light, through 
the magnifying Lens, and by means of the 
Nut D. together with the Motion of the 
Needle, by managing its lower End, the 
Objed may be turn’d about, raifed, or de- 
prefied, brought nearer the Glafs, or put 
farther from it, till you hit the true focal 

Diftance, 
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Diftance, and the Light be feen reflected 
from the Speculum flrongly upon the Ob- 
je6t: by which means, it will be (liewn in 
a manner furprizingly dihindt and clear. 
And for this purpofe, the Light of the Sky,- 
or of a Candle, will anfwer to your Satif- 
fadlion. 

This Microfeope is principally intended' 
for opake Objedts, but tranfparent ones may 
alfo be viewed by it r obferving only, that 
when fuch Come under Examination, it will 
not always be proper to throw on them the 
Light refledted from the Speculum : for the 
Light tranfmitted through them meeting 
the refledled Light, may together produce 
too great a Glare. A little Pradtice will 
teach how to regulate both thefe Lights to 
good Advantage. 

There is Reafon to expedl great Difeove- 
ries may be made by the Apparatus above 
deferibed, as Opake Objedls are a large Field, 
but little hitherto examined, by reafon of 
the great Difficulty in doing it. 

Having given a Defeription of the feveral 
forts of Microfeopes in uie amongft us at 
prefent, and ffiewn what particular Advan¬ 
tages may be expedled from each, I ffiall 
proceed to inftrudt the Ignorant in thefe 
Things, with all the Clearnefs I can, to find 
Out the magnifying Powers of the Glaffes 
they make ufe of, and calculate how' many 

times 
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times they enlarge the Diameter, the Super¬ 
ficies, and the ^'Cube or folid Square of any 
Objed: under Examination. And this, I 
perfuade my felf, will be highly fatisfadory, 
and induce many People to be fond of this 
mofl delightful and inflrudive Study, when 
the Difficulties they imagined in it are re¬ 
moved, and they perceive it to be as eafy as 
it is pleafant j when they find themfelves 
able to judge of what they fee, not by meer 
random GuefSj but by certain and plain 
Principles. 


CHAP. VIII. 

To find the Magnifying Power of Glajfei 
employed in Single Microfcopes. 

T H E Appearance of any Qbjed, as to 
Magnitude, is according to the Angle 
it is feen under; or, in other Words, ac¬ 
cording to the Nearnefs it can be brought 
to the Eye : for the lefs the Diftance it can 
be viewed at is, the more it will appear en¬ 
larged. 


* Some, perhaps, may diflike my fuppofing the Cube of 
an Olyeft to be magnified, fince in reality the Superficies 
only can be feen : but the Neceffity of fuch a Suppofidon will 
appear plainly in the Progrefs of this Work, when we come 
to confider the true Size of Microfcopical Objefts, by com¬ 
paring them with larger Bodies. 
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The naked Eye is unable to diftinguifli 
any Objedt brought exceedingly near it : 
but looking through a convex Lens, how¬ 
ever near the Focus of that Lens be, there 
an Objed; may be diflindly feen : and the 
fmaller the Lens is, the nearer will be its 
Focus, and in the fame Proportion the great¬ 
er muft be its magnifying Power. 

From thefe Principles, it is eafy to find 
the Reafon, why the firft or greateft Mag¬ 
nifiers are fo extremely minute ^ and alfo to 
calculate the magnifying Power of any con¬ 
vex Lens employed fingly in a Microfcope. 
For fuch as the Proportion of the natural 
Sight to the Focus of the Lens is, fuch will 
be its Power of magnifying. If the Focus 
of a convex Lens (for Example) be at one 
Inch, and the natural Sight at eight Inches, 
which is the common Standard, an Objed 
may be feen through that Lens at one Inch 
diftant from the Eye : and wall appear, in its 
Diameter, eight times larger than to the 
naked Eye. But as the Objed is magnified 
every way equally, in Length as well as 
Breadth, we mufi; Iquare this Diameter to 
know really how much it appears enlarged ; 
and we fliall then find, that its Superficies is 
indeed magnified fixty-four times. 

Again : Suppofe a convex Lens whofe 
Focus is at one Tenth of an Inch diftant 
from its Center : In eight Inches there are 
eighty fuch Tenths of an Inch j and there¬ 
fore 
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fore an Object may be feen through this 
Lens eighty times nearer than it can diftind- 
ly by the naked Eye. It will confequently 
appear eighty times longer, and eighty times 
broader, than it does to common Sight j and 
as eighty multiplied by-eighty makes fix 
thoufand and four hundred, fo many times 
it really appears magnified. 

To go one flep farther : If a convex Glafs 
be fo fmall, 'that its Focus is no more 
than one twentieth of an Inch diftant j we 
fiiall find, that eight Inches, the common 
Diftance of Sight, contains an hundred and 
fixty of thefe twentieth Parts j and, in con- 
fequence, the Length and Breadth of an 
Objedt, when feen through fuch Lens, will 
each be magnified an hundred and fixty 
times ; which, multiplied by an hundred 
and fixty, to give the Square, will amount 
to twenty-five thoufand fix hundred : and 
fo many times, it is plain, the Superficies of 
the Objedl mufl; appear larger than it does 
to the naked Eye at the Diftance of eight 
Inches. 

Therefore, in a fingle Microfcope, to 
learn the magnifying Power of any Glafs, 
no more is necefifary than to bring it to its 
true Focus ; the exadt Place whereof will 
be known, by an Objedl’s appearing perfedt- 
ly dillindl and fharp when placed there. 
Then with a Pair of fmall Compalfes, mea- 
D fure, 
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fure,as nearly as y.)u can, the Diilancb from 
the Center of the Glafs to the Object you 
was viewing, and afterwards applying the 
Compaffes to any Ruler with 'a Diagonal 
Scale of the Parts of an Inch marked on it, 
you will eafily find how many Parts of an 
Inch the faid Diftance is ; When that is 
known, compute how many times thofe 
Parts of an Inch are contained in eight 
Inches, the common Standard of Sight, and 
that will give you the Number of times the 
Diameter is magnified : fquaring the Dia¬ 
meter will give you the Superficies ; and if 
it be an Object whofe Depth or whole Con¬ 
tents you would learn, multiplying the Su¬ 
perficies by the Diameter will fliew the 
Cube or Bulk. 

The Superficies of "one Side only of an 
Objeft can be feen at one View j and to 
compute how much that is magnified is 
moft commonly fufficient. But fometimes 
it is fatisfadory to know how many minute 
Objed:s are contained in a larger : as, fup- 
pofe, for Inftance, I defire to know, how 
many Animalcules would make up the Big- 
nefs of a Grain of Sand : To anfwer this, 
the Cube as well as the Superficies of the 
Animalcules muft be taken into the Ac¬ 
count j as will be (liewn in the next Chap¬ 
ter. 


As 
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*A TABLE of the MAGNIFYING POWERS of CONVEX GLASSES 
employed in Single Microscopes, according to the Diftance of their Focus: 
Calculated by the Scale of an Inch divided into an Hundred Parts: 

Shewing how many times the Fiamet'er^ the Superficies, and the Cube of an Objed is magnified^ 
when viewed through fuch Glajfes, to an Eye whofe natural Sight is at Eight Inches, 
or Eight Hundred of the Hundredth Parts of an Inch. 
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ocus, as nearly as can well be meafured, at one Tvjentieth of an Inch Diftance from its Center, and confequentl/ 
nagnifies the of an Objeft i6© times, and the. Superficies 25,600. But the greateftMagnifier in Mr. Wi lson’s 

ungle Microfeopes, as they are now made, has ufually its Focus at no farther Diftance than about the Fifitietb Part of 
.fi Inch; whereby it has a Power of enlarging the Diameter of an Objeft 400, and its Superficies 160,000 time& 
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As this Treatife is chiefly intended for 
thofe who underftand but little of fuch Mat¬ 
ters, it may neither be needlefs, nor unac¬ 
ceptable, to give a Table of the magnifying 
Powers of the convex Glafles commonly 
ufed in Angle Microfcopes, according to their 
different Focus: whereby, upon meafuring 
what the befl; Diftance from the Glafs to 
view the Objedt is, its Power of magnifying 
the Diameter, the Superficies, and the Cube 
of an Objedt will be found in one Line. 

See the Table 

As this Table is given in round Num¬ 
bers, it is fo clear and eafy, that I believe 
whoever can but divide and multiply a few 
Figures will readily underftand it. 

I have taken no Notice of any Magnifier 
whofe Focus is at a greater Diftance than the 
half of an Inch ; becaufe Glaffes that mag- 
. nify lefs than that, may very eafily be calcu¬ 
lated by the Rules above laid down : Nor, 
when I come to the greateft Magnifiers, have 
I mentioned any of a fhorter Focus than 
the one hundredth part of aii Inch j fince it 
is fo difficult to grind a Lens to a Smallnefs 
beyond, or even fo minute as this, that per¬ 
haps few of my Readers may ever meet with 
fuch an one. And though Globules of Glafs 
may be melted fo extreamly little, as to 
have their Focus at not half this Diftance, 
D 2 and 
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and confequently their magnifying Powers 
prodigioufly greater ; the ufe of them is fo 
troublefome, and attended with fuch want 
of Light, fuchUndiftindtnefs and Uncertain¬ 
ty, that indeed they are of very little Ser¬ 
vice, 

The magnifying Powers of the Glaffes 
employed in Wilson’s Pocket Microfcope, 
and alfo of thofe belonging to the opake Mi- 
crofcope, are to be calculated in the forego¬ 
ing Manner. And as People will, no doubt, 
be pleafed to know certainly what the Pow¬ 
ers of their Glaffes are, and confequently 
what may be expected from them, it would 
be much better if the Microfcope-Makers 
would grind their Glaffes according to fome 
fettled Standard, and not work by guefs, as 
they ufually do at prefent, whereby no two 
Sets of Magnifiers can be fuppofed exadly 
alike. Such a Standard, which would afford 
a very ufeful Set of Glaffes, magnifying one 
more than another in due Degrees, is, I 
think, as follows. 
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The FOCAL DISTANCES of 
Six Magnifiers far Mr. W i l s o n’s 
Pocket Microfcope. 
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The FOCAL DISTANCES of 
Four Magnifiers for the Microfcope 
for Opake Objects. 
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The magnifying Power of the Solar Mi¬ 
crofcope mull be calculated in fomewhat a 
different Manner. For here, the Difference 
between the Focus of the Magnifier, and 
the Diftance of the Skreen, or Sheet where¬ 
on the Image of an Objeft is caff, is the Pro¬ 
portion of its being magnified. Suppofe, for 
inftance, the Lens made ufe of has its Focus 
D 3 as 
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at half an Inch, and the Skreen be placed 
at the Diilance of five Feet: The Object 
will then appear enlarged in the Proportion 
of five Feet to half an Inch : And as in five 
Feet there are one hundred and twenty half 
Inches, the Diameter will be magnified one 
hundred and twenty Times, which multi¬ 
plied by one hundred and twenty, (hews the 
Superficies to be magnified fourteen thou- 
fand and four hundred Times : and by put¬ 
ting the Skreen at farther Diftances you 
may magnify your Objeds to almofi; what 
Size you pleafe. But I would advife all 
who ufe this Sort of Microfcope, to re¬ 
gard Diftinitnefs more than Bignefs, and 
place the Skreen juft at that Diftance 
where the Objed is feen moft fharp and 
clear. 



CHAP. 
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CHAP. IX. 

Of the magnifying Power of GJafes in the 
double Microfcope. 

I Should now fhew the Method of com¬ 
puting the magnifying Power of our 
double Microfcope, as I have done of the 
fingle ones : but a Calculation of the Powers 
of three combined Glaffes, would appear fo 
intricate and unintelligible to People unac¬ 
quainted with Optics, (for whofe Service 
chiefly I intend this Treatife) that I believe 
they will readily excufe my perplexing them 
with it: and as for the learned in that Sci¬ 
ence, they probably will be better pleafed to 
calculate for themfelves. 

The double reflecting Microfcope, defcri- 
bed p. 16. is the only Inftrument at prefent 
made amongft us for this Purpofe, wherein 
fuch a Combination of Glaffes is employed. 
Here, indeed, the magnifying Power of the 
ObjeCl-Lens is greatly increafed by the Ad¬ 
dition of two Eye-glaffes; but as no ObjeCt- 
Lens can be ufed with them of fo minute a 
Diameter, or that magnifies of itfelf near fo 
much as the Lenfes we can ufe alone, upon 
the whole, the Glaffes of this double Micro¬ 
fcope magnify little or nothing more than 
thofe of Mr. Wilson’s fingle one. And 
the fame Table which fhews the Powers of 
D 4 the 
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the Glaffes belonging to that Microfcope, 
may ferve for thefe alfo.^ For the firfi Glafs, 
fecond Glafs-, &c. of either Microfcope mag¬ 
nify pretty much alike ; and the chief Ad¬ 
vantage arifing from a Combination of Glaf¬ 
fes, is, the fight of a larger Field or Portion 
of an Objed:, magnified in the fame Degree. 


C FI A P. X. 

To fnd out the real Size of OhjeBs feen 
by Microfcopes. 

H O’ by the preceding Diredions the 
X magnifying Powers of Microfcope- 
Glajfes may eafily be underftood, it will ftill 
remain uncertain, (if the Objeds we examine 
are exceedingly minute) what the real Big- 
nefs of them is. For though we may know 
they are magnified fo many thoufand Times, 
we can make by that Knowledge but a very 
imperfed Computation of their natural and 
true Size ; nor can we, indeed, come to any 
certain Conclufion as to that, but by the 
Mediation of fome larger Objed, whofe 
Dimenfions we really know. For as Bulk 
itfelf is meerly comparative, the only Way 
wc can judge of theBignefs of any thing, is, 
by comparing it with fomething elfe : and 
finding out how many times the lefTer is 
contained in the larger Body. To do this 

in 
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in Microfcopical Objefts, feveral ingenious 
Methods have been contrived ; of which, 
fuch as are come to my Knowledge, and 
are plain and pradticable, I lhall lay before 
the Reader. 

Mr. Leeuwenhoek’s Way of comput¬ 
ing the Size of Salts in Fluids, of the Ani¬ 
malcules in Semine mafculino, in Pepper'- 
Water^ 6cc. was by comparing them with 
the Bignefs of a Grain of Sand j and his 
Calculations were made in the following 
Manner. 

He viewed through his Microfcope a An¬ 
gle •f' Grain of Sand, which we’ll fuppofe to 
be magnified as the round Figure ABCD. 
Then obferving an Animalcule fwimming, 
or running acrofs it, or coming near it, 
(which we’ll imagine to be of the Size i.) 
confidering and meafuring this by his Eye, 
he concludes, that the Diameter of this Ani¬ 
malcule is lefs, by a twelfth Part, than the 
Diameter of the Grain of Sand : confe- 


J N. B. It is proper to inform the Reader, that where- 
ever, in this Treatife, Microfcopical Objefts are compared 
with a Grain of Sand, which commonly was the Meafure 
Mr. Leeuwenhoek made ufe of, we muft underftand it to 
mean a Grain of coarfe Sea-Sand (ufually called Scouring- 
Sand) which is equal in Bignefs to feveral Grains of our 
common YxdizxA Houfe-Sand, ovWriting-Sand: But to make 
our Calculations ftill more certain, we muft fuppofe them of 
fuch a Size, that an Hundred of them, placed in a Row, 
lhall extend an Inch in Length. 

f Vide Leeuwen. Experira, tc Contempl. Tom. IV. 
pag. 23. 

quently 
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quently, according to the common Rules, 
the Superficies of the Grain of Sand is one 
hundred forty four times, and the whole 
Contents thereof one thoufand feven hun¬ 
dred and twenty eight times larger than this 
Animalcule. 

Suppofe, again, that he fees among thefe 
another and fmaller Species of Animalcules; 
one of which [2.] he likewife meafures with 
his Eye, by the help of a good Microfcope; 
and computes its Diameter to be five times, 
but, to be within compafs, he reckons it 
only four times lefs than the former Animal¬ 
cule I. According then to the foregoing 
Rules, the Diameter of this will be fixteen, 
and the whole Bulk fixty-four times lefs 
than the Animalcule 1. 

' If farther, upon a nicer View, he difco- 
vers a third Sort of Animalcule [3.] fo ex¬ 
ceedingly minute, that, examining it in the 
former Manner, he concludes that the Dia¬ 
meter thereof is ten times fmaller than the 
fecond fort ; it will then follow, that a 
thou land of thefe are but equal in Bignefs 
to one of that fecond fort. 

The firft fort multiplied by the fecond, 
and the fecond by the third, will plainly de- 
monfirate how many of this third and mi- 
nuteft fort are requifite to make up the 
Bulk of a fingle Grain of Sand: the Procefs 
of which is as follows. 


FirR 
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Firft fort, I. whofe Diameter is lefs 
than that of a Grain of Sand. 

12 times 
12 

H4 

Of the firft fort, 1,728 in a Grain of Sand. 

Second fort, 2. whofe Diameter is lefs than 
that of the firft fort. 

4 times 
4 
16 
__4 

64 in one of the firft fort. 

Third fort, 3. whofe Diameter is lefs than 
that of the fecond fort. 

10 times 
10 

100 

10 

1000 in one of the 2d fort.^ 
1728 
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1728 of the firft fort in a Gr. of Sand. 
64 of the 2d fort in one of the ift. 


6912 

10368 


110,592 of the 2d fort in a Gr. of Sand. 
1000 of the 3d fort in i of the 2d. 

110,592,000 of the 3d fort in a Grain of Sand. 


After this manner, the comparative Size 
of all forts of Objects may very eafily be 
computed, only fubftituting (for fuch as are 
lefs minute) a fmall Seed, or fome other 
Body whofe Size we are well acquainted 
with, in the room of a Grain of Sand. 
And, particularly, by the Solar Microfcope, 
our Calculations may be made with great 
Certainty; fince the Image of the Objedt 
enquired after, and of the Grain of Sand, 
the fmall Seed, or whatever elfe is thought 
proper to .compare with it, may be really 
meafured by a Ruler, or a Pair of Compalfes, 
and the Diference of their Diameters moft 
exadlly found. 

The Method Mr. Hooke made ufe of, to 
know how much an Objedl appears magni¬ 
fied, I lhall give in his own Words.- 

“ Having (fays he) redlified the Microfcope, 
“ to fee the defired Objedt through it very 
” diflindlly; at the fame time that I look 
' “ upon 
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** u|'on the Object through the Glafs with 
one Eye, I look upon other Objeds at 
“ the fame Diftance with my other bare 
Eye : by which means I am able, by the 
“ Help of a RulCr divided into Inches and 
fmall Parts, and laid on the Pedeftal of 
“ the Microfcope, to caft as it were the 
“ magnified Appearance of the Objed upon 
the Ruler, and thereby exadly to mea- 
“ fure the Diameter it appears of through 
the Glafs j which being compared with 
“ the Diameter it appears of to the naked 
“ Eye, will eafily afford the Quantity of its 
“ being magnified.”—’This, for Multitudes 
of Objeds, is a ready and good Way ; and I 
can declare from my own Experience, that 
a little Pradice will render it exceeding eafy 
and pleafant. 

Another very curious Way for this Pur- 
pofe,is defcribed by the ingenious Dr.JuR in, 
in the 45th Page of his Fhyjico-mathematical 
Differtations j the Manner whereof is thus: 
Wind a piece of the fineft Silver Wire you 
can get a great many times about a Pin, or 
fome other fuch {lender Body, fo clofely as 
to leave no Interval between the Wire- 
Threads ; to be certain of which they muff 
be carefully examined with a Glafs. Then, 
with the Points of a fmall Pair of Compaffes, 
meafure exadly what Length of the Pin the 
Wire covers; and applying the Compaffes 
with that Meafure to a diagonal Scale of 

Inches, 
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Inches, you’ll find how much it is ; after 
which, by counting the Number of Wire- 
Rounds contain’d in that Length, you’ll ea- 
fily difeover the real Thicknels of the fingle 
Wire. This being known, cut it into very 
fmall Pieces, and when you examine an 
Objedl, if it be opake, ftrew fome of thefe 
Wires upon it ; if tranfparent, under it; 
and with your Eye compare the Parts of the 
Objed: with the Thicknefs of fuch Bits of 
Wire as lye faireft to your View. 

By this Method Dr. JuR IN obferved, that 
four Globules of human Blood would gene¬ 
rally cover the breadth of a Wire, which 
he had found to be ^fjth part of an Inch j 
and confequently that the Diameter of a fin¬ 
gle Globule was -nr^oth part of an Inch. 
Which was alfo confirmed by Mr. Leeu¬ 
wenhoek’s Obfervations upon human 
Blood, made with a piece of the fame Wire, 
fent to him by Dr. Jurin. Vide Philofoph. 
Tranj: 377. 

Mr. Martin, in his'Optics, gives ano¬ 
ther way, fufficiently eafy and ready on all 
Occafions. On a circular Piece of Glafs, 
let a Number of parallel Lines be drawn 
carefully with the fine Point of a Diamond, 
at the Diftance of one fortieth Part of an 
Inch from each other. If this be placed in 
the Focus of the Eye-glafs of a Microfeope, 
the Image of the Objed will be feen upon 
thefe Lines, and the Parts thereof may be 
compared 
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compared with the Intervals, whereby its 
true Magnitude, or Dimenfions, may be ve¬ 
ry nearly known: for the Intervals of thefe 
Lines, though fcarce difcernible to the naked 
Eye, appear very large through the Micro* 
fcope. A Contrivance of this Kind may 
alfo be invented for fuch Microfcopes, as a 
Glafs cannot be apply’d to in the above man¬ 
ner, by placing it under or behind the Ob- 
jeft, which will anfwer the fame Purpofe. 

Hereby it will be eafy to find what pro¬ 
portion an Objedt, or any Part thereof, bears 
to an Interval between two Lines, and then 
determine it in Parts of an Inch : for if the 
Width of an Objedt appears juft one Inter¬ 
val, we fhall know it to be juft one fortieth 
Part of an Inch; if half an Interval, the 
eightieth; if a quarter of an Interval, the 
one hundred and fixtieth ; if one fifth, only 
the two hundredth Part of an Inch. 

Dr. Smith has an Invention akin to 
this, for taking exacft: Draughts of Objects, 
viewed in double Microfcopes; for he ad- 
vifes, to get a Lattice made with fmall fil- 
ver Wires, or fmall Squares drawn upon a 
plain Glafs by the Strokes of a Diamond, 
and to put it into the Place of the Image 
form’d by the Objeft-Glafs. Then, by 
transferring the Parts of the Objedl feen in 
the Squares of the Glafs or Lattice upon fi- 
milar correfponding Squares drawn on Pa¬ 
per, the Picture thereof may be exactly taken. 

I There 
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There are fome other forts of Microme¬ 
ters, or Inventions for meafuring the fmall 
Objects feen in Microfcopes 3 but as they are 
more complex and difficult, I ffiall not fwell 
this Volume with them. 


CHAP. XL 

Of the Area or Portion of an Objed: feen. 

H E vifible Area, Field of View, or 
- 1 . Portion of any Objed feen through a 
Microfcope, is in Proportion to the Diame¬ 
ter and Area of the Lens made ufe of, and 
its Power of magnifying, and may be there¬ 
by determined : fince, if the Lens is ex- 
treamly fmall, it magnifies a great deal, and, 
confequently, a very minute Portion only-of 
an Objed can be diftinguifhed through it. 
For which reafon the greateft Magnifiers 
never fhould be employed but for the moft 

minute Objeds.-This Confideration will 

dired how to fuit the Magnifiers to the Size 
of the Objeds to be examined, which is of 
the utmoft Confequence in Microfcopical 
Obfervations 3 and may ferve to redify the 
Miftake of abundance of People unexperi¬ 
enced in Glaffes, who, upon feeing a Mite 
or a Loufe greatly magnified, are apt to cry 
out, with much Surprize, O that we had a 
Cricket, 
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Cricket, a Frog, or fome fuch Creature ; 
how finely that would appear! Whereas, 
in truth, fuch large Objedls would intirely 
cover the Lens, and could not be feen at all. 

Microfcopes very happily affift us when 
Objedls are fo fmall as to evade our Sight} 
but it would be trifling and unneceflary to 
employ them on fuch large Things as we 
can fee without their Help. 

I fhall not trouble the Unfkilful with per¬ 
plexing Calculations about the Area or Field 
of Objects feen by each Magnifier, but give 
this fhort Rule in general, that it differs not 
greatly from the Size of the Lens made ufe 
of, and that the Whole of any Objedl, much 
beyond that Size, cannot conveniently be 
viewed through it. 

There is fome Difference, as to the vifible 
Area of an Object, between Angle and dou¬ 
ble Microfcopes; for the double fhew a lar¬ 
ger Portion of it than the Angle, tho’ mag- 
nify'd as much. 

Having fhewn the Structure and Powers 
of Microfcopes, I proceed now to defcribe 
the Manner of chuAng, preparing, and ap¬ 
plying Objedts to them. 


E 


CHAP. 
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CHAP. XII. 

Of Objefts in general. 

P Roper Objects to be examined by Mi- 
crofcopes, are, (as Mr. Hooke very ju- 
dicioufly diftingui^es) “ exceeding /mail Bo^ 
dies, exceeding /mail Pores, or exceeding 
“ fmall Motions.” 

Exceeding fmall Bodies, muft either be 
the Parts of larger Bodies, or Things the 
Whole whereof is exceedingly Minute j fuch 
as fmall Seeds, Infedts, Sands, Salts, &c. 

Exceeding fmall Pores, are the Interlli- 
ces between the folid Parts of Bodies, as in 
Stones, Minerals, Shells, ^c. or the Mouths 
of minute Velfels^ fuch as the Air-Veffels 
in Vegetables, the Pores in the Skin, Bones, 
&c. of Animals. 

Exceeding fmall Motions, are the Move¬ 
ments of the feveral Parts or Members of 
minute Animals, or the Motion of the Fluids 
contained either in animal or vegetable 
Bodies. 

Under one or other of thefe three Heads 
almoft every thing around us affords Matter 
of Examination, and may conduce both to 
our Amufement and Inftrudion ^ as I hope 
more particularly to fliew. 

Many 
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Many, even of thofe who have purchas’d 
Microfcopes, are fo little acquainted with 
their general and extenfive Ufefulnefs, and fo 
much at a Lofs for Objeds to examine by 
them; that after diverting themfelves and 
their Friends, fome few times, with what 
they find in the Sliders bought with them, 
or two or three more common Things, the 
Microfcopes are laid afide as of little ferther 
Value: and, a Suppofition that this muft be 
the Cafe, prevents many Others from buying 
them } whereas, among all the Inventions 
that ever appeared in the World, none can 
perhaps be found fo conftantly capable of en¬ 
tertaining, improving, and fatisfying the Mind 
of Man.—To evince this, and excite thofe 
whofe Time and Circumftances permit, to 
this delightful Study, is the Intention of my 
Writing; and, as Ciiriofity, the univerfal Paf- 
fion of Mankindj may this way continually 
be gratified, I hope I fiball not write in vain. 
And if I can hereby induce any to pafs thofe 
leifure Hours agreeably and ufefully, in con¬ 
templating the Wonders of the Creation, 
which otherwife would be fpent in tirefome 
Idlenefs, or, perhaps, fqme falhionable and 
expenfive Vice, I ihali think thefe Sheets 
Very happily beftowed. 
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CHAP. XIII. 

Of examining Objects. 

A N Examination of Objedts, in order to 
^ jL difcover Truth, requires a great deal 
of Attention, Care, and Patience, together 
with forne confiderable Skill and Dexterity 
(to be acquired by Pradlice chiefly) in the 
preparing, managing, and applying them to 
the Microfcope. What little Knowledge in 
thefe Matters I may have gained, either 
from the Accounts of others, or my own 
Experience, after being converfant many 
Years therein, I {hall readily communicate: 
in hopes my Pains may clear the Way to 
Difcoveries that will prove of Confequence 
to the World, and render this Study both 
defirable and eafy. 

When any Objedt comes to be examined, 
the Size, the Contexture, and Nature of it 
iliould be duly confldered; in order to apply it 
to fuch Glaffes and in fuch a Manner as may 
{liew it beft. The fiirfl Step towards this, 
conftantly fhould be, to view it through a 
Magnifier that can take in the Whole at 
once: for by obferving how the Parts lie as 
to one another, we (hall find it much eafier 
to examine and judge of them feparately, if 
there be occafion.—After having made our- 
felves acquainted with the Form of the Whole, 

we 
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we may divide it as we pleafe, and the 
fmaller the Parts into which it is divided, 
the greater muft be the Magnifiers where¬ 
with to view them. 

The Tranfparency or Opakenefs of an 
Objedt muft alfo be well regarded, and the 
Glafifes made ufe of, muft be accordingly 
fuited thereto; for a tranfparent Objedl will 
bear a much greater Magnifier than one that 
is opake; lince the Nearnefs a Glafs that 
magnifies much muft be placed at, una¬ 
voidably darkens an opake Objedt, and pre¬ 
vents its being feen, unlefs by the Microfcope 
onPurpofeforfuch Subjects,defcribedpag. 26. 
Moft Objedts, however, become tranfparent 
by being divided into extreamly thin or mi¬ 
nute Parts. Contrivance therefore is necef- 
fary, to reduce them into fuch Thinnefs or 
Smallnefs, as may render them moft fit for 
Examination. 

The Nature of the Objed, whether it be 
alive or dead, a Solid or a Fluid, an Ani¬ 
mal, a Vegetable, or a mineral Subftance, 
muft likewife be confidered, and all the 
Circumftances of it attended to, that we may 
apply it in the moft convenient Manner. If 
it be a living Animal, care muft be taken to 
fqueeze, hurt, or difcompofe it as little as 
poflible, that its right Form, Pofture and 
Temper may be difcovered. If a Fluid, and 
too thick, it muft be thinned with Water: 
if too thin, we ftiould let fome of its watery 
E 3 Parts 
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Parts evaporate. Some Subftances are fitteft 
for Obfervation when dry, others again when 
moiftened; fome when frefh, and fome after 
being kept a while. 

Light is the next Thing to be taken care 
of, for on this the Truth of all our Exami¬ 
nation depends j and a very little Experience 
will fhew, how different Objects appear in 
one Pofition and Kind of it, to what they 
do in another. So that we fliould turn them, 
every Way, and view them in every Degree 
of Light, from Brightnefs even to Obfcurityj 
and in all Pofitions to each Degree ; till we 
are certain of their true Form, and that we 
are not deceived. For, as Mr. Hooke 
fays, in many Objects it is very difficult to 
diftinguifh between a Prominency and a 
Depreffion ; between a Shadow and a black 
Stain i and in Colour, between a Reflection 
and a Whitenefs. The Eye of a Fly, for 
Example, in one kind of Light appears like 
a Lattice drilled through with Abundance 
of Holes: in the Sun-ffiine, like a Surface 
covered with golden Nails : in one Pofition, 
like a Surface covered with Pyramids, in 
another with Cones, and in other Pofitions of 
quite other Shapes. 

The Degree of Light mufl; be duly fuit- 
ed to the ObjeCt; which, if dark, will be 
feen beft in a full and ftrong Light j but if 
very tranfparent, the Light-fhould bepropor- 
tionably weak : for which Reafon there’s a 

Contri- 
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Contrivance, both in the Angle and double 
Microlcope, 'to cut off abundance of its Rays, 
when fuch tranfparent Objedis are examin’d 
by the greateft Magnifiers. 

The Light of a Candle, for many Objeds, 
and efpecially fuch as are exceedingly minute 
and tranfparent, is preferable to Day-light; 
and for others Day-light is beft: I mean the 
Light of a bright Cloud. As for Sun-fhine, 
it is refleded from Objeds with fo much 
Glare, and exhibits fuch gaudy Colours, 
that nothing can be determined by it with 
Certainty : and therefore it’s to be account¬ 
ed the worfl Light that can be had. 

This Opinion of Sun-fliine muft not, 
however, be extended to the Solar Micro- 
fcope, which cannot be ufed to Advantage 
without its brighteft Light j for, in that 
Way, we fee not the Objed itfelf whereon 
the Sun-ihine is caft, but only the Image or 
Shadow of it exhibited upon a Skreen ; and, 
therefore, no Confufion can arife by the 
glaring Refledion of the Sun’s Rays from 
the Objed to the Eye, which is the Cafe in 
other Microfcopes. But then, in that So¬ 
lar Way, we muft reft contented with view¬ 
ing the true Form and Shape of an Objed, 
without expeding to find its natural Colour, 
fince no Shadow can pofiTibly wear the Co¬ 
lours of the Body it reprefents. 
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CHAP. XIV. 

Of preparing and applying Objeds, 

M ost Obje^s require fpme Manage-r 
ment, in order to bring them proper¬ 
ly before the GlalTes.——If they are flat and 
tranfparent, and fuch as will not be injured 
by PrefTure, the beft Method is to inclofe 
them in Sliders, between two MufcovyTiAc^ 
or Ifinglafs. This Way the Feathers of 
Butterflies, the Scales of Fifhes, the Faring 
of Flowers, &c. the feveral Parts, and even 
whole Bodies of minute Infeds, and a 
thoufand other Things, may very conveni¬ 
ently be preferv’d. Every curious Obferver 
will therefore have them always ready to 
receive any accidental Objedt, and feciire it 
for future Examination : and a Dozen or 
two of thefe Sliders, judicioufly furnifhed, 
are a fine natural Hiftory, where we may 
read delightful LeflTons of the high Perfedli- 
on of God’s Works, and his Wifdom in 
their Contrivance. 

In making a Cplledion of Objeds, the 
Sliders fhould not be filled promifeuoufly, 
but Care taken to fort the Objeds according 
to their Size and Tranfparency: in fuch man¬ 
ner, that none be put together in the 
fame Slider, but what may properly be ex¬ 
amined by the fame Magnifier: and then 
2 the 
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the Slider fliould be mark’d with the Num^ 
ber of the Magnifier its Objeds are fitted; 
for: that is, the mod tranfparent, or mi¬ 
nuted Objeds of all, which require the fird 
Magnifier to view^ them by, diould be pla¬ 
ced in a Slider, or Sliders mark’d with Num¬ 
ber I. Thofe of the next Degree in Sliders 
mark’d with Number II. and {0 of the red. 
This Method will fave abundance of Time 
and Trouble in diifting the Magnifiers, 
which, without fuch Sortment, mud perhaps 
be done two or three Times in overlooking 
a fingle Slider*. The Numbers mark’d up¬ 
on the Sliders will likewife prevent our be¬ 
ing at any Lofs what Glafs to apply to each. 

Small living objeds, fuch as Lice, Fleas, 
Gnats, fmall Bugs, minute Spiders, Mites, 
&c. may be placed between thefe Talcs, 
without killing or hurting them, if care be 
taken not to prefs down the brafs Rings 
that keep in the Talcs: and will remain a- 
live even Weeks in this Manner. But if 
they are larger than to be treated thus, cither 
put them in a Slider with concave Glaflfes, 
intended for that ufe, and defcribed pag. 10. 
or in the Cell pag. 19, or elfe examine them 


* In placing your Objefts in Sliders, a convex Glafs of 
about an Inch Focus, to hold in the Hand, and [hereby 
adjuft them properly between the Talcs, before you fallen 
them down with the Brafs Rings, will he found very con¬ 
venient. 

duck. 
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ftuck on the Pin, or held between the Fly¬ 
ers} either of which Ways they may be 
view’d at pleafure. 

If Fluids come under Examination, to 
difcover the Animalcules that may be in them, 
take up a fmall Drop with your Pen or Hair- 
pencil, and place it on a fingle Ifinglafs, 
(which you fhould have in a Slider ready) 
or elfe in one of the little concave Glaffes, 
and fo apply it. But in cafe, upon viewing 
it, you find, as often happens, the Animal¬ 
cules fwarming together, and fo exceedingly 
numerous, that running continually over one 
another, their Kinds and real Form cannot be 
known; fome part of the Drop mufi: be 
taken off the Glafs, and then a little fair 
Water put to the reft, will make them fe- 
parate, and ftiew them diftind; and well. 
And this Mixture of Water is particularly 
requifite in viewing the Semen Mafculinum 
of all Creatures: for the Animalcules therein 
contained are fo unconceiveably minute, and 
yet crowded together in fuch infinite Num¬ 
bers, that unlefs it be diluted a great deal, 
they cannot be fufficiently feparated to di- 
ftinguifti their true Shape. 

But, if we view a Fluid, to find what 
Salts it may have in it, a Method quite con¬ 
trary to the foregoing muft be employed: 
for, then, the Fluid muft be fuffer’d to e- 
vaporate, that the Salts being left behind up¬ 
on the Glafs, may more eafily be examined. 

Another,^ 
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Another, and indeed the mod curious 
Way of examining Fluids, is, by applying 
them to the Microfcope, in exceedingly 
fmall capillary Tubes made of the thinned 
Glafs poflible. This was Mr, Leeuwen¬ 
hoek’s Method for difcovering the Shapes 
of Salts floating in Vinegar, Wine, and fe- 
veral other Liquors 5 and fuch Tubes (hon’d 
be always ready to ufe as occafion requires. 

For the Circulation of the Blood, Frogs, 
Newts, or Filhes are commonly made ufe 
of; and there are Glafs Tubes in the Angle 
Microfcope, and a Fifh-pan as well as Tubes 
in the double one, on purpofe to oonfine 
thefe Creatures, and bring the proper Parts 
of them to view : which, in Newts and 
Fifhes, are the Tails, and in Frogs the tine 
filmy Membrane between the Toes of the 
hinder Legs. Though, if we can contrive 
to faden down the Creature, and bring our 
Objedt to the Magnifier, the Circulation can¬ 
not poflibly be feen fo plainly any where, as 
in the Mefentery, or thin tranfparent Mem¬ 
brane that joins the Guts together and this 
Part, by pulling out the Gut a little, may 
eafily be adjuded to the Magnifier. 

To difleft minute Infedts, as Fleas, Lice, 
Gnats, Mites, &c. and view their internal 
Structure, requires a great deal of Patience 
and Dexterity ; yet even this may be done, 
in a very fatisfaftory Manner, by means of 
a fine Lancet and Needle, if they are placed 

in 
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in a Drop of Water : for their Parts will 
then be feparated with Eafe, and lie fair be¬ 
fore the Microfcope, fo that the Stomach 
and other Bowels may plainly be diftinguilh- 
ed and examined. 

We fhould always have ready for this 
Purpofe little Slips of Glafs about the Big- 
nefs of a Slider, to place Objects on, oc- 
cafionally ; fome of which Slips fhou’d be 
made of green, blew, and other different co¬ 
lour’d Glafs; many Objedts being much 
more diftinguifhable when placed on one 
Colour than on another. We fhould like- 
wife be provided with Glafs-Tubes, of all 
Sizes, from the fineft Capillaries that can be 
blown, to a Bore of half an Inch Diameter, 

I believe there is no better Way of pre- 
ferving tranfparent Objedts in general, than 
by placing them between clear Ifinglafs in 
Sliders: But opake Bodies, fuch as Seeds, 
Sands, Woods, require different Ma¬ 
nagement ; and a Colledtion of them fhould 
be pre :ared in the following Manner. 

Cut Cards into fmall Slips, about half an 
Inch in Length, and the Tenth of an Inch 
broad : wet them half their Length with a 
ftrong but very tranfparent Gum-water, and 
with that flick on your Objedl. As the Spots 
of Cards are red and black, by rnaking your 
Slips of fuch Spots you will obtain a Contraft 
to Objedls of almoft any Colour: and by 
fixing black Things on the white, white on 

the 
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the black, blew or green on the red or white, 
and all other coloured Objedls on Slips moft 
contrary to themfelves, they will be Ihewn 
to the bed: Advantage. Thefe Slips are in¬ 
tended chiefly for the new-invented Micro- 
fcope for opake Objects, to be applied between 
the Nippers : but they will be alfo proper 
for any other Microfcope that can fliew opake 
Bodies. A little fquare Box fhould be con¬ 
trived to keep thefe Slips in, with a Num¬ 
ber of very, lliallow Holes juft big enough 
to hold them. If fuch Holes were cut 
through Pieces of that Paftbcard Covers of 
Books are made of, exadtly fitted to the Box, 
and a Paper was pafted on one Side of each 
to ferve for a Bottom to it, three or four 
fuch Paftboards ftored with Objects might 
lye upon one another in the fame Box, and 
contain an hundred or more of Slips with Ob¬ 
jects faftened on them, always ready for Ex¬ 
amination. It will not be found amifs to 
provide fome Slips larger than others, for 
the Reception of different fized Objedts: 
But the Pattern hereto annexed (Plate VI.) 
will better explain my Meaning *. The Box 
fhould likewife be furnifhed with a Pair of 
Flyers, to take up and adjuft the Slips. 


* Mr. Cuff, in Fleci-JIreet, has already made fome 
Boxes after this Pattern, which prove very convenient; He 
likewife makes and fells all the Mkrofcopes with their Appa¬ 
ratus mentioned in this Treatife. 

CHAP. 
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CHAP. XV. 

Cautions in viewing Objeds. 

^ Eware of determining and declaring youf 
Opinion fuddenly on any Objedj for 
Imagination often gets the Start of judg¬ 
ment, and makes People believe they fee 
Things, which better Obfervations will con¬ 
vince them could not poflibly be feen : there¬ 
fore alTert nothing till after repeated Experi¬ 
ments and Examinations in all Lights and iii 
ail Pofitions. 

When you employ the MicrofcopCj fhake 
off all Prejudice, nor harbour any favourite 
Opinions; for, if you do, ’tis not unlikely 
Fancy will betray you into Error, and make 
you think you fee what you would wifh to 
lee. 

Remember that Truth aloiie is the Mat¬ 
ter you are in fearch after j and if you have 
been miftaken, let not Vanity feduce you to 
perfift in your Miftake. 

Pafs no Judgment upon Things over-ex¬ 
tended by Force, or con traded by Drynefs, 
or in any Manner out of their natural State^ 
without making fuitable Allowances. 

There is no Advantage in examining any 
Objed with a greater Magnifier, than what 
lliews the fame diflindly ; and therefore, if 
you can fee it well with the third or fourth 

Glafs, 
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Glafs, never ufe the fir ft or fecond; for the 
lefs a Glafs magnifies, the better Light you’ll 
have, the eafier you can manage the Objedt, 
and the clearer it will appear. 

It is much to be doubted, whether the 
true Colours of Objefts are to be judged of, 
when feen through the greateft Magnifiers : 
for as the Pores or Interftices of an Objedl 
muft be enlarged according to the magnify¬ 
ing Power of the Glafs made ufe of, and the 
component Particles of Matter muft by the 
fame means appear feparated many Thou- 
fands of times farther afunder than they do 
to the naked Eye, their Reflections of the 
Rays of Light will probably be difterent, and 
exhibit different Colours. And, indeed, the 
Variety of Colouring fome ObjeCts appear 
dreft in, may ferve as a Proof of this. 

The Motions of living Creatures them- 
felves, or of the Fluids contained withiii 
them, as feen through the Microfeope, are 
likewife not to be determined without due 
Confideration: for as the moving Body and 
the Space wherein it moves are magnified, the 
Motion muft probably be fo too. And there¬ 
fore, that Rapidity, wherewith the Blood 
feems to pafs along through the VefiTels of 
fmall Animals, muft be judged of according¬ 
ly. Suppofe, for Inftance, a Horfe and a 
Moufe move their Limbs exadtly at the fame 
Moment of Time : if the Horfe runs a Mile 
while the Moufe runs fifty Yards (tho’ the 
1 Number 
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Number of Steps are in both the fame) 
flmll readily, I believe, allow the Horfe’s Mo¬ 
tion to be fwifteft. The Motion of a Mite 
viewed through a Microfcope, or feen by the 
tiaked Eye, is, perhaps, not much lefs dif¬ 
ferent. 

Some People have made falfe Pretences and 
ridiculous Boafts, of feeing, by their Glaffes, 
the Atoms of Epicurus, the fubtile fet¬ 
ter of Des Cartes, the * Effluvia of Bodies, 
the Emanations from the Stars, and other 
fuch like Impoffibilities: But let no ingeni¬ 
ous and honeft Obferver give Credit to thefe 
romantic Stories, or mifpend his Time, and 
bewilder his Brains, in following fuch idle 
Imaginations, when there lyes before him an 
infinity of realObjeds, that maybe examin’d 
with Eafe, Profit, and Delight. 


* Dr. Highmore pretends, that the Effluvia of the 
Loadftone have been feen by Glaffes, iffuing from it in the 
Form of a Mill: And all the reft of the above Extravagan¬ 
ces have been boafted of by others. Vid, Leeuwen. Arc. 
Nat. Tom. ii. P. ii. pag. 348. 
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defcribed the moft ufe- 
11 Kinds of Microscopes 
^ M amongft us; (hewn how to 
calculate the magnifying Powers 
oFGl ASSES, and the real Size of Objects; 
taught the Ways of preparing^ examining^ 
and preferring Objects; and gwtn proper 
Cautions in our j’udging of what we view; 
I come now to the Second Part of my 
Defign, which is, to fhew what furprizing 
Difcoveries have been already made by the 
Microscope, with ufeful RefleBions on 
them ; and alio to fet forth a great Variety 
of new Rxperiments and Obferrations, point¬ 
ing out many uncommon SuhjeBs for the Ex¬ 
amination of the Curious. 
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CHAP. I. 

Of the Animalcules in Fluids, 

T he fmalleft living Creatures yet known 
are the Animalcules in Fluids: where¬ 
of many Kinds have been difcovered by the 
Microfcope, of fuch an exceeding Ml||ute- 
nefs, that a Million of them would not e- 
qual the Bignefs of a large Grain of Sand; 
and, it is probable, there may be numberlefs 
Species of a Size much lefs than thefe. It is 
alfo likely, that there are as many, or even 
more Kinds of thefe Invifibles (if I may ufe 
the Term) than of thofe whofe Size is difcern- 
able by the naked Eye. Here, therefore, is 
abundance of Scope for Enquiry and Admi¬ 
ration, fince every Drop of Water, or other 
Liquor, (excepting Oils and Spirits ) either 
does already, or, upon ftandipg expofed a 
few Days, will be full of living Creatures^ 
of various Sizes and Forms. Some kinds of 
thtkAnimalcules feem to be really Fifh, and 
are natural Inhabitants of the Water all 
their Lives: others live there but occafion- 
ally, in the manner of Gnats, which, from 
Eggs dropped by their Parents in the Water, 
become fwimming Animals j but, after a 
while, fhed their Skins, appear in a Form 
that bears noRefemblance to what they wore 

before^, 
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before, take Wing, and turn Creatures of 
the Air. 

We may thus account how Water where¬ 
in Pepper, Hay, Oats, Wheat, or other ^oege- 
table Subjiances are infufed, will foon be¬ 
come full of Life; for thefe minute and in- 
‘vifible little Flies, which are every where 
hovjjfing in the Air, and feeking Places to 
depolit their Eggs, when a Fluid offers well 
ftored with proper Nourifhment for their 
future Offspring, may be fuppofed to refort 
to it in Swarms, and lay their Eggs there. 
Thefe Eggs being foon hatch’d, the Infant 
Brood fwim about and live happily in the 
Fluid ; till grown to their hated Size, they, 
in due Time, change their Forms, employ 
their Wings, and fly away. 

The Truth of this I have often experien- 
. ced : for after obferving fome kinds of Ani¬ 
malcules in feveral Fluids to be grown to a 
certain Bignefs, on a fudden I have found 
them all gone away, and only a much fmal- 
ler, and confequently a younger Race of the 
fame Kinds remaining ; which alfo, when 
grown to a like Size have foon after in the 
fame Manner been gone too. Befides, if 
the Infufion be covered, tho’ with a Muf- 
lin or fine Lawn, I have conftantly found 
that iowAnimalcules will be produced there¬ 
in ; but upon taking off the Cover, in a few 
Days it will be full of Life j which feems to 
prove, that the Eggs whence thefe Animal- 
F 3 cules 
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cules come, muft either be depofitcd by their 
own Parents, as I above fuppofe, or be 
brought along with the Air. And, indeed, 
both thefe Ways may poffibly be: for 
as the Eggs of fuch minute Creatures are 
lighter than Air, Millions of them may con¬ 
tinually float therein, and, being wafted 
every v/here indifferently, may perifh in 
places unfuitable to their Nature, but hatch 
and thrive when they happen to be lodged 
in a proper Nidus for them. Some People 
imagine, that the Eggs of thefe little Crea¬ 
tures are lodged in the Pepper^ or what¬ 
ever elfe is put into the Water : but were it 
fo, I cannot think a thin Covering of Lawn, 
which does not exclude the finer Part of the 
Air, would prevent their being hatch’d j and 
therefore mufl: conclude it a Miftake. 

Tho’ Water that ftands at reft, and ex- 
pofed in the open Air, will, after a few Days, 
have fome Animalcules in it, they will be 
found in no degree fo numerous as when 
vegetable Bodies have been fteeped therein : 
for no Creatures feem able to fubfift on meer 
Water only, and what little Particles befides 
may accidentally happen in it can maintain 
no great Number : But, when, by Infufion 
of the abovementioned Subftanccs, Water 
is ftored with their proper Food, the Micro- 
fcope can fhew Myriads of living Creatures 
in every little Drop. 


As 
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As every curious Perfon will be defirous 
to view theie Wonders with his own Eyes, 
and communicate them to his Friends, the 
following Directions for making Pepper- 
Water, &c. to be kept always ready for Ob- 
fervation, may not perhaps be unacceptable. 


CHAP. II. 

'To make Pepper-Water, and of the 
Animalcules found therein. 

P U T common black Pepper, grofsly 
bruifed, into any open Veffel, to cover 
the bottom of it about half an Inch in 
Thicknefs, and pour thereon Rain or River- 
water, till it rifes above the Pepper an Inch 
or thereabouts. Shake or ftir the Water and 
Pepper very well together when firft you 
mix them, but afterwards not at all. Ex- 
pofe your Velfel to the Air uncover’d, and 
in a few Days you’ll perceive a little Pellicle 
or Skin upon the Surface of the Water, re¬ 
flecting Prifm Colours. This Skin, exa¬ 
min’d by the Microfeope, will be found to 
contain Millions of Animalcules, fcarce dif- 
cernable at firft, even by the greateft Mag¬ 
nifier, but continually growing bigger till 
they come to their full Size. Their Num¬ 
bers too will every Day increafe exceedingly, 
F 4 till 
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till at length the whole Fluid feems almoft 
alive : tho’ in reality, they lye chiefly on the 
Surface of the Water, and go not deep 
therein, unlefs frighted or diflurb’d j but 
when that happens, they’ll fometimes dart 
down all at once, and not appear again for 
fome time. In warm Weather this Skin 
rifes on the Surface fooner, and you’ll per¬ 
ceive them grow fafler than in cold : tho’, 
even in the midfl; of Winter, if the Water 
be not . frozen, the Experiment will fuc- 
ceed. 

About the Quantity of a Pin’s Head of 
this Scum, taken up with the Nib of a new 
Pen, or a fmall Hair Pencil, and applied on 
a Angle lAnglafs, firfl to the third Magnifier, 
then to the fecond, and then to the firfl, 
will (hew feveral Sorts of Animalcules lefler 
each than other, and differing a great deal 
in “Shape as well as Size. 

The Sorts that have been obferved in 
Fepper-Water^ are, 

Firjt^ The largeft Sort of all, (reprefented 
Plate VIL Fig. I.) * The Length of thefe is 
about the Diameter of a Hair, and three or 
four times more than their Breadth. Their 
Bodies are very thin and tranfparent, but 
that fide which feems the Back is darker 
than the other. They turn themfelves in 


Philofoph, Tranf. N® 284. 
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the Water often, and fhew both Back and 
Belly, as i. 2. Their Edges are fringed, as 
it were, with a great Number of exceeding¬ 
ly minute Feet, which are chiefly feen about 
the two Extremities: At one End there are 
likewife fome Briftles longer than the Feet, 
refembling a Tail. Their Motion is fwift, 
and by their Turns, Returns, and fudden 
Stops, they feem continually to be hunting 
about for Prey. They can employ their 
Feet in running as well as fwimming ; for 
upon putting a Hair amongll them, they’ll 
often creep along it from End to End, bend¬ 
ing in feveral odd Pollures. 

Secondly^ A pretty common fort, whole 
Length is about one Third of a Hair’s 
Breadth, with Tails five or fix times as long, 
and fometimes more. Fig. II. i. exhibits one 
of them with the Tail extended. 2. repre- 
fents another with its Tail in a Screw-like 
Form, as they appear very frequently. Some¬ 
times, when they lye fill, they thrufl; out 
and pull back again a fringed or bearded 
Tongue ; and a Current runs conftantly tor 
wards them, which is caufed probably by 
the nimble Motion of fome minute Fins or 
Legs too fine to be difcerned. 

Thirdly^ a Sort about the Size of the laft, 
but without Tails, appearing fometimes in 
an oval Shape, as Fig. III. i. and fometimes 
a little longer, refembling a Flounder, in the 
Manner of 2. Their little Feet may be feen 

plainly 
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plainly v/hen the Water is juft evaporating, 
for then they move them nimbly. Now 
and then two of them are feen conjoyned, 
as 3. 

Fourthly^ Another fort appear like llender 
Worms, about fifty times as long as broad, 
and whofe Thicknefs is about the one hun¬ 
dredth Part of a Hair. Their Motion is 
equable and flow, waving their Bodies ge¬ 
nerally but little in their Progreftion. They 
fwim with the fame Facility backwards 
or forwards, and being every where of 
the fame Thicknefs, it is difficult to di- 
ftinguifli which End the Head is placed at. 
See Fig. IV. 

A Jiftb-Sorty is fo amazingly fmall, that 
an Hundred of them in a Row would not 
equal the Diameter of a Grain of Sand, and, 
confequently, a Million of them are but 
equal to a Grain of Sand in bignefs: their 
Shape is almoft round. 

A Jixth Sort, are about the Thicknefs of 
the foregoing, but almoft twice as long ; 
and, befides thefe, there are doubtlefs other 
Sorts which have not duely been attended 
to. 

It is agreeable enough, while thefe little 
Creatures are before theMicrofcope,to obferve 
the different Effedls feveral kinds of Mix¬ 
tures produce among them. For Example, 
putting to them the fmalleft Drop imagina¬ 
ble of Spirit of Vitriol upon the Point of a 
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Pin, they immediately fpread themfelves, 
and appear to tumble down dead. DilTolv- 
ed Salt kills them, but with this Difference, 
that inftead of becoming flat as in the for¬ 
mer Cafe, they (brink into oval Forms. 
Tindture of Salt of Tartar throws them in¬ 
to convulfive Motions, after which they foon 
grow faint and languid, and then dye without 
any change of Shape. Ink kills them as foon 
as Spirit of Vitriol, but feems to contradt 
them feveral Ways. Frefh Blood, Urine, and 
Spittle kill them in a little while. Sugar dif- 
folved does the fame; but thereby fome dye 
flat and others round*. 

If the Water be permitted to dry away 
without any Mixture, fome Sorts of the Ani¬ 
malcules will burft, but others not: and if 
a frefh Drop of Water be put to them, 
in a little while many of them will revive 
and fwim about again. 


* Philofoph. Tranfeft. N°. 203. 
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CHAP. III. 

Of Hay-Water^ &c. 

H a Y, Straw, Grafs, Oats, Wheat, Bar¬ 
ley, or any other vegetable Produdion, 
being infufed in Water, in the Manner ad- 
vifed before, after fome Days a fort of 
whitilh Scum or Motherinefs will appear 
upon the Surface, which, examined by a 
Microfcope, will be found to contain inex- 
preflible Numbers of minute living Crea~ 
iures of various Sizes, Forms, and Kinds. 

And of thefe fome are the fame exadly 
as were juft now defcribed in Pepper-Water: 
for it is to be obferved, that certain Kinds 
of thefe Animalcules are met with, univer- 
fally, in all Waters that have ftood any con- 
fiderable Time expofed to the open Air. 
The moft general among them is an oval 
fort of Animalcule^ fomewhat in the Shape 
of an Emmefs Egg (See Fig. V. Plate VII.) 
They are extreamly nimble, and in a conti¬ 
nual fwift Motion backwards and forwards : 
but fometimes they ftop on a fudden, and 
turn round on their own Axis numberlefs 
times with furprizing Velocity, firft one way, 
and afterwards the contrary This Gyra- 


* The Solar Microfcope has difcover’d, that this ftrangc 
Motion is produced by the Aftion of a great Number of 
Legs or Fins, placed in a circular Order. 

2 tion, 
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tion, or twirling round as it were on a Point, 
I have taken notice of in other Kinds alfo of 
the Animalcules found in Fluids. 

Another pretty common Sort, and in 
Shape ibmewhat refembling the foregoing, 
is fliewn (Fig. VI.) Their Motion is very 
fwift, and always with the lharp End fore- 
moft, whence one may reafonably fuppofe 
it to be the Head. Some of them are clear 
from End to End, but curioufly ribbed in 
the Manner of a Melon : Others are tranf- 
parent at their fmall Extremity only, but 
have their Bottle-End opake. No Legs or 
Fins can be difcerned in either. 

We find another fort, as long almofi: as 
the largeft in Pepper-Water, which are very 
hriflc and aftive, and have a Power of con¬ 
tracting or extending themfelves as they 
fwim along. At the End that feems to be 
the Fore-part, feveral Feet are vifible ; but 
efpecially when the Water is almofi: evapo¬ 
rated : for then they thrink into a Globular 
Form, and their Feet Handing out may be 
perceived to move very nimbly. Fig. VII. 
I. reprefents one of thefe Animalcules at its 
full Length : 2. Ihews another of them when 
contracted. 

There’s likewife a Species of Animalcules 
whofe Bodies are Spherical, but pointed 
fomewhat like a Pear, and refembling Blad¬ 
ders fill’d with Water, wherein a vaH Num¬ 
ber of dark Particles fecoa in a continual 

Agita- 
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Agitation. Their Motion is chiefly a revolv¬ 
ing one, turning round perhaps above an 
hundred times in a Minute, firfl: one way, 
and then the contrary : and all this without 
moving a Hair’s Breadth out of their Place. 
But fometimes they move forward very 
brilkly, turn, return, and fetch a large Com- 
pafs with feveral Deviations ; keeping how¬ 
ever, throughout their whole Progreflion, 
their pointed End always foremoft. See 
Fig. VIII. 

I once difeovered in the Scum on the Sur¬ 
face of Hay-Water a kind of minute Ser¬ 
pents ; for fo I call them from their Motion, 
which was like that of a Serpent, and from 
their coiling up themfelves in the manner 
Serpents do. I kept this Water fome Weeks, 
and fhewed them to feveral of my Friends, 
but flnee that time have never met with 
them in any Infufion of the fame fort, or in 
any other Fluid. Their manner of moving 
forward, and alfo of coiling themfelves up, 
is fhewn Fig. IX. i. a. They were larger 
than any of the Eel-kinds of Animalcules,, 
their Motion very different, and not near fo 
quick. The End that feemed to be the 
Head was thicker and fomewhat more 
opake than the other. 

Animalcules in the Shape of Eels are fre¬ 
quently met with in many of the Infufions 
I am now mentioning, and likewife in fe¬ 
veral other Liquors. The Bignefs of them 
I is 
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is very different, feme being an hundred 
times larger than others, and probably they 
may differ alfo very much in Kind. They 
have in general a nimble wriggling Motion, 
but fome Sorts of them are more atSive and 
vigorous than others. 

Vinegar after ftanding a few Days unco¬ 
ver’d, and efpecially in the SummerSeafbn, 
will frequently abound with a kind of thefe 
Eels, large enough to be difeerned by the 
naked Eye : which has encouraged fome 
People erroneoufly to affert, that the Sharp- 
nefs of Vinegar is owing to nothing elfe but 
the flriking of thefe Creatures upon the 
Tongue and Palate with their acute Tails: 
Whereas it is very certain, that many times 
none of them can be difeovered e ven in the 
foureftVinegar and befides, Mr.LEEU wen- 
HOECK has demonftrated, that its Sharpnefs 
preceeds only from the pointed and penetra- 
ing Figure of the Salts floating in it, as I 
fhall find occafion to obferve more fully by 
and by. 

The Shape of thefe Eel-like Animalcules 
is delineated Fig. X. 

Dr. Power tells us, * That if Vinegar 
wherein Eels abound, be but moderately 
heated at the Fire, they will all be killed, 
and fink down to the Bottom ; but that Cold 
does them no Injury. For after fuch Vine- 

* Power’s Micro /. Oh / irv . pag. 35. 
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gar had been expofed a whole Night to the 
fevered: Froft, and was frozen, and thawed, 
and frozen again, and fo feveral times over, 
they were as brifk as ever. He likewife in¬ 
forms us, that, in cold Weather, he put 
fome Vinegar full of thefe Eels into a Glafs, 
and poured thereon about the fame Quantity 
of Oyl, which floating on the Vinegar, all the 
Eels would conftantly creep up into the Oyl 
when the Vinegar began to freeze j but, 
upon thawing the Vinegar, they as conftant¬ 
ly return’d to it again. Thefe are pretty 
and curious Experiments. 

A Drop of Oyl of Vitriol mixed with the 
Vinegar kills them in the fame manner as 
Fire does. 

If fome Grains of Sand be put among the 
Eels before the Microfcope, it will be high¬ 
ly entertaining to fee them flruggling and 
embarrafled, as it were, amongfl: large 
Stones. 



[ ] 

CHAP. IV. 

Of Eels in Paste. 

W hoever is defirous to be furnifh’d 
with minute Eels always ready for the 
Microfcope, needs only boil together a little 
Flour and Water, and make fuch Pafte there¬ 
of as Bookbinders commonly ufe j or it may 
be bought of them. It fhould neither be 
very ftifti nor very watery, but of a mode¬ 
rate Conhftence. Expofe it to the his in an 
open Veffel, and prevent its hardening or 
becoming mouldy on the Surface, by beat¬ 
ing it well together when you find any 
Tendency that way ; for if it grows hard or 
mouldy, your Expedtation will be difap- 
pointed. After fome Days it will turn four, 
and then if examined attentively, you’ll dif- 
cern Multitudes of exceedingly fmall, long, 
llender, wriggling Animalcules^ which grow 
larger daily, till you’ll be able to fee them 
with the naked Eye. 

To promote their coming forward, pour 
every now and then a Drop of Vinegar on 
your Pafte : and after they are oftce produ¬ 
ced you may keep them all the Year, by 
putting to them fometimes a little Vinegar, 
or Water, if the Pafte becomes too dry, and 
fometimes a little Supply *^of other four 
Pafte i taking care continually to preferve 
G the 
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the Surface in a right Condition, which will 
eafily be done when it is well ftock’d with 
thefe Animalcules: the continual Motion of 
them preventing any Mouldinefs thereon. 

A Water-Glafs, or fome other GlafsVef- 
fel, is the moft convenient to keep your 
Pafte in j for by holding it up againft the 
Light, you’ll oftentimes perceive the Eeh 
wriggling themfelves above the Surface of 
the Pafte upon the Sides of the Giafs, and 
may be able to take feveral of them with a 
Pen or Hair-Pencil, much more difengaged 
from the Pafte, and confequently fitter for 
View, than if you are obliged to examine 
the Pafte itfelf in order to find them in it. 

Apply them to your Microfcope upon a 
fingleTalc or Ifinglafs, after having firft put 
on it a very fmall Spot of Water for them to 
fwim about in. The thicker your Pafte is, 
and the more they are invelop’d in it, the 
greater Proportion of Water will be requifite 
to dilute it, that they may difentangle them¬ 
felves, and be render’d diftindtly vifible. 

They are very entertaining Objefts, exa¬ 
min’d by any kind of Microfcope, but par¬ 
ticularly the Solar one, by which I have 
magnified them fometimes to an Inch and 
halfj or two Inches in Diameter, with a 
Length proportionable, and have found ’em 
anfwer exadly the Appearance of fuch fiz’d 
Eels. The internal Motion of their Bowels 
may very plainly be diftinguifh’d, and when 
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the Water is dry’d almoft away, and they 
are near expiring, their Mouths may be feen 
opening to a conHderable Width. 


CHAP. V. 

Pf Rain-Water and other Waters, 

M r. Leeuwenhoek lays, that at firfl 
he could difeern no living Creatures 
in I^ain-Water 3 but after ftanding fome 
Days, he difeover’d innumerable 
many thoufands of times lefs than a Grain 
of Sand, and in Proportion to a Mite as a 
Bee is to a Horfe. 

In other Rain-Water, which had likevtnfe 
flood fome time, he found the fmalleft fort 
he had ever feen ; and in a few Days more, 
met with others eight times as big as thefe, 
and almoft round. 

In another Quantity of Rain-Water, that 
had been expofed like the former, he difeo¬ 
ver’d a kind of Animalcules with two little 
HornSj in continual Motion. The Space be¬ 
tween the Horns was flat, tho’ the Body was 
roundilh, but tapering a little towards the 
End, where a Tail appear’d, four times as 
long as the Body, and the Thicknefs of a 
Spider’s Web. He obferved feveral Hun¬ 
dreds of thefe within the Space a Grain ,of 
Sand would occupy. If they happened on 
G 2 the 
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the leaft Filament or String,they were entang¬ 
led in it, and then would extend their Bodies 
into an oblong Round, and ftruggle hard to 
difengage their Tails. He obferved a lecond 
Sort of an Oval Figure, and imagin’d the 
Head to hand at the fharpeft End. The 
Body was flat, with feveral fmall Feet mov¬ 
ing exceeding quick, but not difceimble 
without a great deal of Attention. 
times they changed their Shape into -u per¬ 
fect Round, efpecially when the Waffer be¬ 
gan to dry away. He met alfo with a third 
Sort, twice as long as broad, and eight times 
fmall er than the firfl;: yet in thefe he dif- 
cerned little Feet, whereby they moved very 
nimbly. He perceived likewife a fourth 
Sort, a thoufand times fmaller than a Loufe’s 
and which exceeded all the reft in 
Briiknefs : he found thefe turning them- 
felves round, as it were upon a Point, with 
the Celerity of a Top. And he fays, there 
w^ere feveral other Sorts, 

It is common, in Summer-time, for the 
Water that ftands in Ditches to appear fome- 
times of a greenifh and fometimes of a 
reddifti Colour, which upon Examination 

with 

* The Itifefts that moft Commonly difcolour the Waters 
are of. the Shrimp-Kind, called by Swammerdam Pulex 
aquaticus arborefcens, from the branching out of their little 
Horns' : they are often fo numerous in llagnating Waters, 
in May or June, at which time they copulate, as to make 

! them 
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with the Microfcope is found intirely owing 
to infinite Millions of Animalcules crowded 
together on the Surface of it, and giving it 
fuch Appearance. Their Bodies are oval, 
and tranfparent at both Ends, but the Mid¬ 
dle either green or red, according to the Co¬ 
lour of the Water they are fwimming in. 
T^s middle Part, viewed with, the firft or 
fe^nd Magnifier, feems compofed of Glo¬ 
bules, and bears fo near a Refemblance to 
the Rows or Spawn of Fifhes, that ’tis rea- 
fonable to believe it really may be the fame: 
and the more fo ftill, as they are found after 
fome time perfe<5tly clear and colourlefs, and 
therefore may be prefumed to have thed 
their Spawn. 

The Water that drains from Dunghills, 
and looks of a deep brown Colour, is fo 
thronged with Animalcules, that it ftems to 
be all alive; and muft be diluted with Water 
before they can be fufficiently feparated to 
didinguifli their various Kinds. Amongft 
thefe one Sort is found, which I don’t re¬ 
member to have feen elfewhere, and there¬ 
fore give a Draught of (Plate VII. Fig. XI.) 
Their middle Part appears dark, and befet 
with Hairs, but both Ends of them tranf- 


them appear of a pale or deep Red, and fometimes of a 
Yellow Colour, according to the Colour of themfelves. The 
green Scum fo commonly feen on the top of Handing Wa¬ 
ters in Summer-time, is nothing but innumerable green Ani¬ 
malcules, Vid, Der ham's Ti&fff/. pag. 178. 

G 3 parent: 
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parent: their Tails are tapering with a long 
Sprig at the Extremity, and their Motion is 
flow and waddling. This Dunghill-Water 
abounds alfo with a fort of capillary Eeh, 
that are extreamly adtive. 

An Infufion of any Herb, Grain^ Fruity 
or Flower^ made in common Water, will be 
found after a few Days to contain fome 
Kinds of A?ii?nalcules peculiar to itfelf; and 
this, tho’ aflonifliing, may be accounted for 
in a very reafonable manner ; for a little Ob- 
fervation will fliew, that every Herb, Grain, 
Fruit, or FWccer is allotted by Providence to 
be the Food of fome particular fort of Bird, 
Beaft, orinfed of the viflble and larger Kinds; 
and we may fuppofe it, in like manner, 
when infufed in Water, to afford alfb a pro¬ 
per Nourifhment for fome or other of thofc 
numberlefs Species of minute Creatures, 
which are invijible to the naked Eye, and 
not to be difcovered without a good Micro- 
fcope. And as to this Particularity of Ani~- 
malcules, I refer the Curious (who have not 
yet been convinced by Trials of their own) 
to the Obfervations of Monfieur Jo blot, 
(Frofejfhr Royal of the Matbematicks, and 
of the Royal Academy of Fainting and Scul¬ 
pture at Paris) on the various Kinds difco- 
yer’d by him in the feveral Infufions follow¬ 
ing : the Pidures of which Animalcules he 
has given, as well as a Defcription of them, 
fie examined the Infufions of Pepper, black, 
I white 
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white and long : of Senna, of Vinks, of 
Cyanus or Bleisohottle, of Rofes, JeJfarnin, 
Rasherry-Stalks, Tea, Barberries, Fe?mel, 
and Sage, Marigold-Flowet's, four Grapes, 
and Melon-Rind, and found different Ani¬ 
malcules in them all. Hay, new and old, 
abounded with many Kinds Rhubarb, 
Mujhrooms, fweet Bafil, Citron-Flowers, 
had their ^2LXticu\2ivA}ji?nalcules. The Ane- 
mony afforded fome very wonderful j Ce¬ 
lery produced many Kinds : Wheat-Ears and 
Straw, many Kinds: Straw of Barley, Rye, 
Oats, and Turkijh Corn, many Kinds : Oak- 
Bark, new and old, afforded great Variety. 
Some of thefe Infufions he kept a whole 
Year round, and obferved, not only that 
each Infufion had Animalcules of Shapes 
quite different from thofe in others ; but, 
likewife, that in the fame Infufion different 
Kinds of Animalcules appear’d at different- 
times. 

N.B. It is highly probable, that the Place 
where Infufions are made, in a City, or in 
the Country, expofed to the open Air, or 
fhut up within a Houfe, as alfo the Seafon 
of the Year, and its Temper as to Heat or 
Cold, may occafion great Differences in the 


* Mr. Job lot’s Draught of the Animalcules in this In¬ 
fufion reprefents an exaft Satyr’s Face upon their Backs • I 
recommend the Tryal to the Curious. 
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Kinds of Animalcules to be found in the 
fame Infufions. 

We fometimes find in our Infufions of 
‘vegetable ProduBions, and in other Waters 
that have flood a while uncover’d, an Ani¬ 
mal much larger than any before deferibed, 
of a very fingular and furprizing Form, as 
pidfured Plate Vll. Fig. XII. This little 
Creature is in its middle State ; it lately was 
a Worm, and will foon become a Gnat. 
For J Gnats depofit their Eggs in a kind of 
flimy Matter on the Surface of the Water, 
and fallen them to fomething that may pre¬ 
vent their being wafhed away or feparated 
too foon. From thefe Eggs proceed a num¬ 
ber of minute Worms, which finking to the 
Bottom of the Water, make for themfelves 
Cafes or Coverings of fine Sand or Earth ce¬ 
mented together with a fort of Glew, but 
open at both Ends, for them to come out of 
or retire into, as they find occafion. After 
a time, quitting thefe Habitations, and the 
Figure of Worms, they re-afeend to the top 
of the Water in the Shape now before us, 
fhelled all over, with a large Flead and 
Mouth, a Couple of black Eyes, two Horns, 
feveral Tufts of Hairs or Briflles on different 
Parts of the Body, and a Tail with a Brufh 
of Hair at the End of it, which being 


+ Speftscle de k Nature, Englij^h'Edit. izmo. pag. 123. 
Hooke’s Micreg. p. 186. 

fineared 
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fncieared over with an oily Fluid, ferves like 
a Cork to keep them above Water; their 
Heads being fometimes lifted into the Air, 
and fometimes plunged into the Water, while 
the Tail Aides along the Surface. And if the 
Oil on the Tail begins to dry, they Aied 
from their Mouth a new Supply upon it, 
which reftores its Ability of fteering where 
they pleafe, without being wetted or preju¬ 
diced by the Water. After living in this 
manner the Time appointed by Providence, 
a Aranger Change fucceeds : for reiigning 
their Eyes, Horns, and Tail, and caAing oA 
their whole Skin, there iAlies forth a Race 
of Infedts of a quite different Element: the 
moA beautiful and delicate Plumage adorns 
their Heads; their Limbs are conAituted 
with, the fineA Texture; they have Wings 
curiouAy fringed and ornamented ; their 
whole Bodies are inveAed with Scales and 
Hair, and they are actuated by a furpriz- 
ing Agility : in ikort, they become Gnats^ 
and ipring into the Air. And, what is moA 
amazing, a Creature that but a Minute Ance 
was an Inhabitant of the Water, would now 
be drowned if it were plunged therein. 

I have been the more particular in my 
Account of this Metamorphojis^ as I appre¬ 
hend many forts of the Animalcules in Flu¬ 
ids undergo Changes in fomewhat a like 
manner. I Aiall only add here, that the 
little Creature, whofe Pidture I have given, 
I is 
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is a delightful Objed: for the Microfcope, its 
white Heart beating diftindly, and the Mo¬ 
tion of all its Inteftines being perfeilly vifi- 
ble and extraordinary.-—Of the Gnat I (hall 
fpeak farther in its proper Place. 

^ The Waters every where abound with 
Life, and are an endlefs Subject of Employ¬ 
ment for the Microfcope : Seas, Rivers, 
Ponds, Ditches, and almoft every Puddle 
can by its Affiftance prefent us with living 
Wonders never before difcover’d : for fuch 
Examinations have as yet been but little at¬ 
tended to, even by People that have got 
thefe Inftruments, and alfo a Genius to ufe 
them. But I am in hopes thisTreatile may 
excite them to be more induftrious, and not 
fulfer a little Difficulty, or a few Diiappoint- 
ments, to difcourage them from a Study that 
can fo amply reward their Pains. 

In feveral of * Mr, Leeuwenhoek’s 
Letters to the Royal Society, we meet with 
an Account of fome furprizing Animalcules 
found adhering to the Roots of the Lens 
PaluJlris,oT Duck-Weed, (which in Summer¬ 
time floats plentifully on the Surface of 
Ponds and Ditches) as examined by him in 
a Glafs Tube filled with Water. One Sort 


* Vid. PkU. Tranf. Numb. 2S3, 295, 337. 
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of thefe was lliaped like Bells, with long 
Tails, whereby they faftened themfelves to 
the Roots of thefe Weeds; and fometimes 
twenty of thefe were feen together, gently 
extending their long Tails and Bodies, and 
then, in an InRant, contrading them again. 
See the Draught, Plate VIII, Fig. I. 

A. reprefents a Root of Duck-Weed with 
the Tails of Animalcules adhering to it. 
bbb ^c. £hew their Bell-like Bodies. 
c c cc, their long Tails. 

Another extraordinary Kind oiAnimalcule 
(which fee Fig. 11 .) appears in a Sheath or 
Cafe, a^ b, 0, the End whereof it fallens to 
the Duck-W?ed Roots. This little Creature 
has two feeming Wheels with a great many 
Teeth or Notches, coming from its Head, and 
turning round as it were upon an Axis, d, e. 
At the leaft Touch it draws the Wheel-work 
into its Body, and its Body into the Sheath, 
after which it appears as Fig. III. But when 
all is quiet, it thrufts itfelf out again, and 
the Rotation of the Wheel-work is renewed, 
Mr. Leeuwenhoek took notice of one of 
thefe, whofe Cafe feem’d compofed of mi¬ 
nute Globules (Fig. IV. a^ b.) and in this he 
difeover’d the Wheel-work to confifl of four 
roundilh Parts with little Divifions between 
each, tho’ only three of thofe roundidi Parts 
could be feen, the fourth lying behind, as 
reprefented Fig. V. This convinced him 
liow much he had been miftaken, in believ- 

ing 
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ing them, from their common Appearance, 
to be two Wheels, whereas the real Form 
of this Wheel-work is as at Fig. V. 

To find thefe Animalcules^ choofe Duck- 
Weed that has long Roots ; for young Plants 
with Ihort Roots feldom afford any. Be 
careful too that they are not cover’d with a 
rough Matter, or tending to Decay, as they 
will often be. Let the Roots fink gently 
down in a Glafs Tube filled with Water, 
and fo apply them to the Microfcope. Two 
or three Animalcules will be found fome- 
times adhering to one Root; and at other 
times you may examine feveral, and not be 
able to meet with any. 

In the Water or flimy Matter found in 
Leaden Pipes or Gutters, Mr. Leeuwen¬ 
hoek met with various Kinds oi AnimaU 
culesy and, among the reft, with Multitudes 
that appear’d to have a fort of Wheel-work 
turning round fomewhat in the former 
manner -f*. Thefe Creatures, when the Wa¬ 
ter dries away, contradt their Bodies into a 
globular or oval Figure and reddifti Colour, 
and become fixt in the dry Dirt, which 
grows as hard as Clay : but whenever a 
piece of fuch Dirt is put in Water, in about 
half an Hour’s Time they open, and by 


' f Phil. Tranf. No. 289. Leeuwen. Jrc. Nat. ’Tom. IL 

Ppift. 149- 

degrees 
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degrees extend their Bodies, and fwim about: 
and this they did after fome of this Gutter- 
Dirt had been kept dry for twenty one 
Months together. Whence he concludes, 
that the Pores of their Skin are clofed fo 
perfectly, as to prevent all Perlpiration, by 
which means they are preferved till Rain 
falls, when they open their Bodies, fwim 
about, and take in Nourifhment. 

Fig. VI. VII. fliew two Animal¬ 

cules in different Pofitions. 

Fig. VIII. is the Form they appear in 
when dry and contradled. 

We may find in the Waters of our Ditches 
feveral Species both of Teftaceous andCruf- 
taceous Animalcules : two of the latter fort, 
which are moft remarkable, are (hewn (Plate 
IX. Fig. I. and II,) in a fwimming Pofture, 
with their Backs towards the Eye. Then- 
Legs are fomewhat like Shrimps or Lob- 
fters, but of a much more curious Structure. 
They are lefs than a very fmall Flea, bu; 
are all Breeders, and carry their Spawn either 
under their Tail, or in two feeming | Bags 
hanging from their Sides, as in Fig. II. 
Thefe Bags may fometimes be obferved 
broken, and the Spawn (conlifling of Glo^ 
bules very large in Proportion to the Crea- 


%Jrcan. Nat.Tova.ll. Epift. 121. Philofifh.Tranfaa. 
Numb. 388. 

ture) 




94 Animalcules in Waters. 
ture) fcatter’d about the Water. There is 
alfo a third Sort, as beautiful as the fore¬ 
going, but not near fo large j its Shape more 
refembles a Shrimp, and it carries its Spawn 
as the Shrimp does. Thefe three Species of 
Animalcules appear to have only one Eye, 
and that placed in the middle of the Fore¬ 
head, without fo much as the lead: Trace of 
even a dividing Line. They are often to be 
found fo tranfparent) that the Motion of 
their Bowels is feen dillindly by the Micro- 
/cope, together with a regular Pulfation in a 
little Part, which therefore we may fuppofe 
to be the Heart. 

1 fhall finifh this Head, with defcribing 
a very wonderful Kind of minute Animal, 
the extraordinary Form whereof (about 
thrice the Bignefs it appeared to the naked 
Eye) whilft in the Water and faftened to 
the Root of a Weed, is given Fig. III. This 
was a large one of the Sort, and had eight 
Horns; whereas the fmaller ones have iel- 
dom more than hx. It is iikewife fliewn 
here as extended to its full Length, but 
when contradted is not a fourth Part fo long. 
It fixes by the Tail to the Roots or Stalks of 
Water-Plants. On the upper Side a very 
jftiiall Animalcule (a) '\s> reprefented coming 
out of the other’s Body. This was fuppel- 
ed at firll to have faftened itfelf there by 
fome Accident j but by obferving it nar- 
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rowly, it was difcover’d to be a young one 
in the Birth : for though it had but four 
very fmall Horns when firft feen, after fix- 
teen Hours its Horns and Body were grown 
much larger j and in four Hours more it 
was quite excluded its Mother’s Body. 
Againfl this, on the under fide, appeared a 
little round Knob which gradually increafed 
in Bignefs, and in a few Hours became 
pointed as at (b). Thirteen or fourteen 
Hours after, it was grown much larger, and 
alfo had two Horns. In twenty-four Hours 
four Horns were feen upon it, one whereof 
was fmall, the fecond larger, and the other 
two very large, extending and contradling 
more vigoroufly than their Fellows. Three 
Hours afterwards this Animalcule likewife 
fell off from its Mother, and fhifted for 
itfelf. 

The above Account is the Subfiance of 
Mr. Leeuwenhoek’s Letter to the Royal 

Society^ Phil Tranf. Numb. 283_And in 

Numb. 288. we meet with a farther Dc- 
feription of the fame Animalcule by an £«- 
glijh Gentleman, whom Mr. Leeuwen- 
hoek’s Relation had put upon hunting after 
it. He fays, he difeovered one of them in 
fome clear Water taken out of a Ditch, but 
with the utmofl Attention could find no 
more therein. It appeared the firfl Day as 
fV*) but he tells us, it varied every 
Moment, 
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Moment, and the Knob (a) which looked 
like the Gut Ccecum^ was fometimes a little 
longer. Two or three Days after he per¬ 
ceived fome white Fibres at the Extremity 
of the Knob, and on the fourth Day it lay 
extended at full Length, and appeared as in 
Fig. V. and he was then convinced, that 
what he imagin’d, an Excrefcence, was in 
Reality a young Animalcule of the fame 
Species, iffuing from the old one, and hav¬ 
ing fix Horns. Next Day he found it in the 
Water entirely feparated, and about a Third 
of its Parent’s Length. The Horns come 
out like Radii, not from the Extremity, but 
quite round a fmall Knob, which pro¬ 
bably is the Head ; They have a vermicular 
Motion, and can extend or contra<fl them- 
felves either fingly or altogether. The other 
End is flat, and by that it often faftened 
to the Bottom or Side of the Glafs wherein 
he kept it. It alfo contra(Ts and dilates its 
Body, and can bring both Body and Horns 
into a fmall Compafs, as in Fig. VI. and 
Fig. VIL The Horns are perfedly white, 
the Body yellowifli, and not eafily difeern- 
ab'e by the naked Eye being, when ex¬ 
tended, no thicker than a large Horfe-Hair. 

Monf. Buffon in a Letter to Martin 
Folkes, Efqj now President of the 
Royal Society^ dated at the Garden of Ver- 
failles, i^thjuly 1741. fends an Account 

(as 
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(as a new Difcovery in natural Hidory) of a 
Greature called ^ PohpCy found adhering to 
the Lens PaluJiriSy which, being cut through 
the Middle, from the upper Half a Tail 
proceeds, and from the lower Half a Head : 
fo that one Animal becomes two. If it be 
divided into three, the middle Part fhoots 
forth a Head and Tail, the upper Part a 
Tail, and the low'^er Part a Head; and all 
three become as perfedl Animals as the firft. 
Whence he concludes, that in the boundlefs 
Variety of the Works of Providence, every 
Thing that can be, is. 

Another Letter to the fame Gentleman, 
dated at the Hague, Sept. 15, 1741. from the 
Plonourable — Bentinck, Efq; fays, That 
a young Man oi Geneva, looking for fmall 
Infedts in Water, faw fome little Things 
which he took for Plants, but examining 
them carefully he perceived fome Motion in 
them, and found them contradt when 
touch’d. It was a long while, however, be¬ 
fore he could determine whether they were 
Plants or Animals: for he faw fqveral young 
Shoots coming out upon them, and that as 
far as four Generations, hanging to one ano¬ 
ther. But he has fince found them to eat 

^ The Name Polypus, or Many Feet, is given to Several 
Fifhes of the Star-Fijh and Cuttk-Fijh Kind, fome whereof, 
befides feveral Claws, have two Tong Trunks, which they 
can extend to a great Difrance to feiize their Pre)': and this 
Animalcule, I fuppofe,, is called Polype from fomewhat of a 
like Form. 

H Infedls, 
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Infects, and even raw Meat. They fafteii 
themfelves by one Extremity to fome Plant, 
or the Side of a Glafs, and have at the other 
End fix or eight Horns, wherewith they 
hold their Prey. 

Fig. VIII. is taken from a Drawing fent 
with this Account. 

He cut one of thefe Creatures to fee what 
would become of it, and fome Days after 
found new Arms growing out where others 
had been cut away. Since that, he has di¬ 
vided them the long way, the broad way, 
obliquely, and every way poffible, all with 
the fame Succefs. He has alfo gone on 
fubdividing them, and has not found them 
propagate any other Way than by Shoots, 
and without Copulation. 

Both thefe Letters feem to mean the fame 
Animalcule Mr. Leeuwenhoek defcribes, 
though with farther extraordinary Particulars, 
which I believe the Curious will judge it 
worth their while carefully to examine into. 

Upon the Whole, this Animalcule appears 
to be fomewhat of the Star-Fijh Kind, or 
between that and the Sea-Mujhroom, or 
Anemone: which is a little Animal found 
frequently on the Coafts of Normandy*, 
They are feen flicking on the Declivity of 
Rocks j fome red, fome green, and fome 


* Vid. Sptiiftfk de la Nat . Part II. Dial, zz . 
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of other Colours : where they look like 
Mulhrooms while fliut and folded up, but 
like Anemonies when they open and difplay 
themfelves. There is no opening them by 
Force without deftroying them ; but 011 
Preffure they fometlmes ejedl feveral young 
ones of different Sizes, which feems to prove 
them both Male and Female, and alfo to be 
viviparous. If you loofen their Hold, carry 
them away, and keep them in Water, they 
will fix themfelves to the firfi; convenient 
Place they find. When the Sea-Mujhroom 
is about to open, it raifes itfelf, and thrufis 
out two little white and ftriped Bodies like 
Bladders, round which appears a great Variety 
bf Points or Trunks of different Sizes anS 
Colours} whence fome Naturalifts have 
called it the Sea-Anemone. This Opening, 
not unlike the Blowing of a Flower, has 
inclined others to look upon it as a fort of 
Plant, or elfe as partaking both of the Ani¬ 
mal and Vegetable Nature. But as all thefe 
little Points or Studs are not Leaves, but a 
fort of Snouts or Trunks, through which 
this Creature fucks in its Nourifhment, as 
the Sea-Urchin and Star-Fijh do through 
their fine Reeds or Prickles, we can’t deny 
it a Place in the Rank of Animals j and 
efpecially after fo remarkable a Circumfiance 
(confirmed ,by ocular Teflimony) as that of 
three or four young ones iffuing from the 
Parent upon fqueezing it, 

H 2 


There 
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There is a fort of Star-Fijh, called by 
Rondeletius pag. 121. Stella Arbor efcens^ 
which from a Body fomewhat like the Sea- 
Urchin^ fends out five Branches in Form of 
a Star: thefe five divide into ten, thofe ten 
again into twenty; the twenty into forty, 
the forty into eighty, the eighty into one 
hundred and fixty: the one hundred and 
fixty into three hundred twenty; the three 
hundred twenty into fix hundred forty j the 
fix hundred forty into one thoufand two 
hundred eighty; the one thoufand two hun¬ 
dred eighty into two thoufand five hun¬ 
dred fixty; the two thoufand five hundred 
fixty into five thoufand one hundred twenty; 
the five thoufand one hundred twenty into 
ten thoufand two hundred forty j the ten 
thoufand two hundred forty into twenty 
thoufand four hundred eighty j the twenty 
thoufand four hundred eighty into forty 
thoufand nine hundred fixty ; and thofe 
again into eighty one thoufand nine hundred 

twenty.-The farther Divifions could not 

certainly be traced ; tho’ probably, when 
the Fifh was alive, they might have been 
diftinguiih’d much beyond this Number -f*. 
All thefe flender Threads, thro’ their whole 
Length, have minute Clafpers iffuing from 
them, and appear very amazing when exa¬ 
min’d by the Microfcope. 


f Vid , Philofoph. Tranfad. N°, 57. 
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To conclude this Chapter.-—If the fmalh 
eft living Creatures that have been yet dif- 
cover’d arc produced in the Waters, in them 
we find alfo the largeft and moft monftrous. 
No Bird or Beaft comes near the Size ofmany 
Kinds of Fifties, nor can the Elephant itfelf 
be brought in Comparifon with the Whale. 

Joannes Faber Lynceus afthres us, 
that in the Year 1624 himfelf a 

Whale, that was caft upon the Shore near 
Sdnta Severn^ about thirty Miles from RomCy 
ninety one Palrris in Length, and fifty in 
Thicknefs : its Mouth was fixteep Palms 
long and ten high, and being opened and 
kept gaping, a Man on Horfeback might 
therein find Room enough. Its Tongue was 
twenty Palms, that iSj, about fifteen Foot in 
Length. He adds, that four Years before, ano¬ 
ther Whale was caft near the Ifland of CorJicUy 
not far from the Coaft of Italy, which, be¬ 
ing a Female, was found big with a C^fi 
thirty Foot long, and fifteen hundred Pounds 
in Weight. He lays, the Came a Finguedo 
[Lard or Fat] only of the Parent Whale, 
weighed one hundred and thirty five thou- 
fand Pounds. 

Let us now refled: how amazing the Dif- 
parity between fuch a Filh as this, and a 
minute Animalcule lefs than the thoufandth 
Part of a Grain of Sand in.Bignefs 1 How 
innumerable muft the Kinds of Creatures be, 
H 3 that 
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that form the Progreflions from one Size to 
the other i And how equally wonderful does 
the Hand of Providence appear, whether it 
actuates an enormous Mountain of Matter, 
of enlivens an Atom 1 


CHAP. VI. 

\ein Examination of theBi.0Gi> in Animals. 

W E cannot employ the Microfcope to 
any more ufeful Purpofe, than to 
view the natural Courfe of the Blood within 
its Veffels, of examine the Contexture of it 
when extracted from thern : for the Prefer- 
vation of Reftoration of the Health of Mart 
may be greatly advantaged by fuch Enqui¬ 
ries. 

By feeing it \Vithin the Veffels, we may 
judge of the Situation, Dimenfions, Arrange¬ 
ment, and Rarnifications of the Arteries and 
Veins through which it paffes, together with 
the general State of the Fluid, the Degree 
of its Impulte, Pfogreffion, or Motion, and 
the Tendency or Direftion of its Current 
paffmg through them. 

When taken from the Veflels, we can 
examine it more minutely, and obferve all 
the little Alterations that may happen in the 
Mixture, Size, Form, and Quality of the 
2 Particles 
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Particles compofing its more folid or more 
fluid Parts. 

I fhall now £hew how th^Microfcope may 
be employed in both thefe Ways; but think 
proper to premife a (hort Account of the Blood 
itfelf, fince our Knowledge of that will the 
better enable us to make a right Judgment 
when wc come to fee it circulate. 


CHAP. VII. 

Some Account of the Blooh, as examined 
by the Microscope. 

H Uman Blood, and the Blood of Land- 
Animals, is found by the Microfcope 
to confifl: of round red Globules foating in 
a tranfparent Water or Serum. Each red 
Globule is made up of fix fmaller and more 
tranfparent ones: and Mr. Leeuwenhoek 
has difcover’djthat each of thefe again is com- 
pofed of fix Globules ftill more minute and 
colourlefe; fo that every common red Glo¬ 
bule is compounded of at leaft thirty-fix 
fmaller ones j and perhaps the Divifion may 
Hill go on much farther 


* Vid , Leeuwen. Arc. Nat. Tom. IV. pag. 12. 

H 4 The 




104 Some Account of the Blood, 

The fpecific Gravity of thefe Globules is 
fomewhat more than of the Serum vs^hereirt 
they float, as is iliewn by their fubfiding in 
Blood extracted from the Veins, and at refl:: 
They have alfo a confiderable Attradion to 
each other, and when brought in Contad, 
cohere fo flrongly (unlefs foon feparated 
again by Motion) as to form a Subflance re- 
fembling foft Flefli, 

’Tis not difficult to imagine, how fix foft 
and flexible Globules, eafily. compreffible in-, 
to any Shape, may compofe one larger Glo¬ 
bule : but to make it the better underfliood, 
I fhall borrow two Draughts from Mr. 
Leeuwenhoek. 

Fig. I. Plate X. fhews one. fuch large 
Globule, wherein five of the fmaller fort 
that compofe it appear in Contad, the fixth 
lying behind. 

Fig. 11 . ffiews, how by their mutual At- 
tradion to, or Preffiire againft each other, 
they readily unite to form a perfedly round 
Body. 

It is alfo eafy to conceive, that thefe fix 
Globules, and even the more minute ones 
flill whereof they are compounded, may 
occafionally be feparated, in order to pafs 
thro' fuch extreamly minute Vefiels as with¬ 
out Separation they cannot poffibly enter ; 
and may re-unite when they meet again in 
Vefibls where they have more Room. And 
we are very certain, that fometimes they 
2 cohere 
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cohere in greater Numbers, and form larger 
MalTes than are coniillent with a free and 
healthy Circulation. 

Mr. Leeuwenhoek and Dr. Jur in af¬ 
ter the mod accurate Admeafdrement, by the 
Way defcribed pag. 35th, agreed, that the 
Diameter of a common red Globule of hu¬ 
man Blood is equal to the * one thoufand 
nine hundred and fortieth Part of the Length 
of an Inch. Mr. Leeuwenhoek before 
this had computed that -f* twenty-five thour 
fand of them were but equal to a Grain of 
Sand, 

Suppofing, then, the Blood, in People of 
found Health, to confift of Globules of fuch 
Size and Compofition as before mentioned, 
foft, flexile, and eafily feparable ; it mud 
necelTarily happen, that a confiderable Alte¬ 
ration in any of thefe Particulars will occa- 
fion a morbid State.—Should the Globules 
for Inftance, be divided too minutely, and 
not readily again cohere ; fliould they be¬ 
come rigid and unflexible, either when fepa- 
rated or united j or fhould they coagulate and 


*Vide Philofoph. TranfaSi. Numb. io6. 
f If the Diameter of one thoufand nine hundred and 
fofty Blood-Globules be equal to the Length of one Inch; 
and if, as Geometricians demonftrate. Spheres be to each 
other as the Cubes of their Diameters, it muft neceffavily 
follow, that a Sphere whofe Axis is one Inch in Length, 
muft be equal to feven thoufand three hundred and one mil¬ 
lions, three hundred and eighty four thoufand fuch Globules. 

Become 
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become infeparable, bad Confequences mull 
enfue. 

The great Boerhaave fays, that Health 
confdlsinan equal Motion of the Fluids, and 
an equal Reliftance of the Solids. Now the 
Fluids move equally when their Force is no 
greater in one Part than another; and the 
Reliftance of the Solids is equal, when they 
comprefs the Fluids every where fo equally 
that no Senfe of Pain arifes. 

But when the Globules of the Blood co¬ 
here in Mafles too large, and will not eali- 
ly be fo feparated as to pafs freely thro’ the 
minuteft Veflels, the Force of the Fluid 
muft there be greater, and confequently un¬ 
equal j the Refinance of the Solids muft al- 
fo be thereby increafed, and rendered like- 
wife unequal: whence fome Diftemper muft 
arife. If, on the other hand, the Globules 
are broken, or feparated into fmaller Malfes 
than the natural Standard Size, they will 
take up more Room than they did before ; 
and, being crowded too abundantly into the 
capillary Vefiels, will occafion Diftenfion, 
Uneafinefs, and perhaps a partial Stagnation 
there; whilft, in the larger Veflels, the Cur¬ 
rent rolls along with too great Rapidity, the 
Force of the Fluids, and the Refiftance of 
the Veflels are both rendered unequal, and 
the Ballance between the Solids and Fluids 
is entirely overturned. None of the Secre¬ 
tions in this State can duely be performed. 
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and unlefs fome means be found to reftore 
the Equilibrium,, the Event muft foon be 
fatal. 

I believe it will be allowed, that where 
one Perfon dies from a Diforder in the con¬ 
taining Veffels, Twenty mifearry by fome 
unnatural Alteration in the Fluids that pafs 
through them : and therefore if we can find 
what their natural State is, the Means where¬ 
by it may be preferved in fuch State, by what 
Accidents it may be prejudiced, and how it 
may be reftored, our Pains will be well em¬ 
ployed. 

In order to obtain this ufeful Knowledge, 
it will be necelTary to examine the human 
Blood and other Juices, frequently, with the 
Microfcope^vnQVtvy Condition,and under eve¬ 
ry Diftemper, as well as in a State of Health; 
by which we fhall have ocular Demonftration 
of its different Appearances in each State, and 
of the Changes it undergoes j and by Expe¬ 
riments of various Mixtures with it,' may 
poffibly difeover by what means it can be al¬ 
tered from one Condition to another j as from 
a thin and broken to a more firm and con- 
fifter^t State, and fo on the contrary. 

Would our learned Phyficians, who are 
beft able to judge of fuch Matters, be in¬ 
duced to take this Method into their Prac¬ 
tice, it is reafonable to believe, that in a fevs^ 

Years 
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Years the Caufes of Difeafes would be bet¬ 
ter known, and the Art of Healing brought 
to a much greater Certainty than it is at 
prefent. An Obfervation of Mr. Leeu¬ 
wenhoek is very well worth regarding : he 
took notice, that when he was greatly difor- 
dered, the Globules of his Blood appeared 
hard and rigid, but grew fofter and more 
pliable as his Health returned : whence he 
infers, that in an healthy Body it is requi- 
fite they Ihould be foft and flexible, that they 
may be capable of pafling through the ca^ 
pillary Veins and Arteries, by eaflly chang¬ 
ing their round Figures into Ovals, and alfo 
of re-affuming their former Roundnefs when 
they come into Veflels where they find lar¬ 
ger Room. 

Changes are produced in Fluids furprizing- 
ly and fuddenly, as a very few chymical 
Experiments will demonflrate : the Bite of 
Venomous Creatures, and Inoculating for the 
Small Pox, fliew likewife, how minute a 
Proportion of poifonous Matter will conta¬ 
minate the whole Mafs of human Blood 5 
which can no otherwife be effedted but by 
altering the Solidity, Figure, Size, or Motion 
of its component Parts or Globules. And 
it is probable, that in many Cafes, it may be 
changed from a morbid to a healthy State, 
by ways not lefs eafy, could we be fo happy 
as to find them out j for we cannot reafon- 
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ably fuppofe, that the beneficent Author of 
Nature has given more certain and ready 
Means of doing Mifchief than of doing 
Good. 

Many Diftempers might perhaps be cured 
by an immediate Admiffion of fome Medi¬ 
cines into the Veins, which elude the Power 
of all that can be taken by the Mouth. For 
the Stomach, by its Heat', its Aftion, and 
a Mixture of its Juices, works fuch an Alte^ 
ration in things, before they can be admit¬ 
ted into the Blood, that they are unable to 
produce the fame EfFe( 5 ts as if they were re¬ 
ceived into it fimply and unchanged. 

Some Trials that have been made already 
may ferve in a great meafure towards con¬ 
firming the above Suppofition. Dr. Fabri- 
cius injected with a Syphon into the Me¬ 
dian Vein of a Soldier’s Right Arm, in the 
Hofpital at Dantzick ■*, about two Drams 
of a certain purgative Medicine, which in 
about four Hours began to operate, and gave 
the Patient five Stools. His Cafe was Ve¬ 
nereal, and in fo terrible a Manner, that 
there were Nodes on the Bones of his Arm. 
But by this fingle Injediion, and without 
any other Medicine, the Protuberances gra¬ 
dually difappeared, and the Difeafe was quite 
cured. He likewife injeded into the Vein 


* Philofoph. Tranfaftions, N'*- 30 


of 
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of a married Woman, thirty-five Years oldj 
and troubled from her Birth with Epileptic 
Fits, a fmall Quantity of a purging Rozin dif- 
folved in an Anti-Epileptic Spirit: this oc- 
cafioned a few gentle Stools \ after which 
the Fits were lefs violent every time than 
other, and in a fliort Time returned no 
more at all. 

Dr. SMiTH-f, of the fame City, injected 
Alteratives into the Veins of three Patients ; 
one was lame with the Gout, another ex¬ 
ceedingly Apopledic, the third afflifted with 
that ftrange Diftemper, called the Flica 
Folonica ; and they were all cured by the 
faid Injedlions. 

S. Fracassati injedted^yw^ Fortismto 
the jugular and crural Veins of a Dog,which 
died immediately. The Blood was found fixed 
in the fmaller Veflels, and the larger Veflels 
burft. Whereupon he remarks, that as an Apo¬ 
plexy is caufed by a Coagulation of the Blood, 
it may probably be cured by fome Dijjohent 

injedled-Another Dog, in whofe Veins' 

Oil of Vitriol was inj€fted,complained a great 
while, foamed like Epileptics, breathed fhort, 
and died. His Blood was fixed and gru- 

mous, refembling Soot.- Oil of Tartar 

was injeded into a third Dog, who after 
much bemoaning, appeared fwell’d, and died. 


f Philofoph. Tranraftions, Numb. 39. 
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His Blood was not in the leafl: curdled, but 

thinner and more florid than common.- 

This proves too great a Separation as well as 
a Coagulation mortal. 

Mr. Boyle found, that by putting a little 
Agua Fortis, Oil of Vitriol^ or Spirit of 
Salt into warm Blood, it did not only lole 
its pure Colour and become dirty, but in 
a Moment was coagulated j whereas urinous 
Spirits abounding in volatile Salts, fuch as 
Spirit of Sal Armoniac^ mingled with it, 
did not curdle it, or debafe its Colour, but 
made it redder, kept it fluid, and preferv- 
ed it a long while from Putrefaction. 

As the Mi cr of cope has informed us of the 
Strudiure of theBlood^ which without its Help 
could never have been difeovered, and as 
its continual Afliflance is needful to examine 
and diftinguifti minutely any Changes that 
may be wrought therein, either for the bet¬ 
ter or the worfe, by Accident or by Medi¬ 
cine } I hope this Difeourfe will not li judg’d 
too long, or foreign to my SubjeCt, flnee 
Hints of this Kind may prove highly bene¬ 
ficial to Mankind, if they Ihould be fo for¬ 
tunate to fall into the Hands of thofe who 
are inclinable to purfue and improve upon 
them. 

I come now to deferibe the Manner of 
bringing the Blood to a firiCt Examination 

before 
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before the Microfcope^ and (hall offer fuch 
Ways as I have myfelf experienced,not doubt¬ 
ing but the Ingenious will contrive others, as 
they may find Occafion. 


CHAP. VIII. 

Of viewing the Blood with the 
Microscope. 

T ake (with the Tip of a Feather, or a 
foft hair Pencil) a fmali Drop of warm 
jB/W immediately from the Vein, fpread it, 
as thin as poffible, on the cleareft finglc Ifin- 
glafs placed in a Slider on purpofe, and ap¬ 
ply it to the firft or fecond Magnifier : the 
Globules will then be feen difi:ind:ly, and a 
little Pradice will enable to form a judg- 
ment of any Alteration that may happen in 
the Size, Figure, Colour, or Appearance of 
them. We may alfo examine the Blood ex- 
treamly well, by taking up a little of it in a 
very fmall capillary Tube of the thinneft 
Glafs, and then placing the Tube before the 
Magnifier. 

If a Drop of the fame Blood be diluted 
with warm Water, and applied in either of 
the above Ways, fome of the larger Globules 
will appear more afund.er, and a great many 
of them will be feen divided into the fmaller 
ones which compofe them. 


If 
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if fome of the fame Blood be mixed with 
a little warm Milk, feveral red unbroken 
Globules will be feen diftindtlyj but thofe 
that are again feparated into their fmaller 
ones will be confounded with the Milk it- 
felf, of which the greateft Part is nothing 
elfe but Heaps of fuch like-fiz’d minute 
Globules. 

If we defire to try by Experiment what 
Alteration any Liquor, either poifonous or 
medicinal, can produce on the Contexture 
of the Blood, the Liquor fiiould be blended 
with it at the very Inftant of its ifiuing from 
the Vein : for if the Blood be in the leafi: 
coagulated before fuch Mixture, no certain 
Gonclufions can be formed. Putting the 
Veflel into which we receive it into a Bafon 
of Water a little hotter than the Blood, vdll 
preferve it longer fluid, and make our Ex¬ 
periment by any Mixture with it fucceed the 

better,-1 would alfo advife, to get your 

Inftrument in perfect Readinefs, by adjufi:- 
ing the Magnifier before the Vein is opened 5 
and likewife to make your Obfervations in 
a warm Place, left the Blood become con¬ 
gealed before you can finifii your Enquiry. 

In all Enquiries of Confequence, it is beft 
to draw the Blood from a large Vein: be- 
caufe what we can gain (by the Prick of a 
Pin or Needle) from the Finger or any fuch 
Part, ifiiies from fome extreamly minute ca¬ 
pillary Vefiels only, and perhaps is not fo 
I good 
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good a Sample of the Contexture of the 

whole Mafs.-Some Trials on both may 

however not be amifs, to difcover what Dif¬ 
ference there is between them. 

By mingling with the Blood the leafi: ima¬ 
ginable Quantity of poifonousyuice which 
ilfues from the Teeth of a Viper when enra¬ 
ged, or from any other Animal, Vegetable, 
or Mineral, we lhall difcover its immediate 
Effedt upon the Globules; and by confider- 
ing, that the Alteration we obferve is wrought 
in it, tho’ at reft, we ftiall be able to judge 
and calculate what Confequences muft enfue 
from fuch a Mixture with the Blood, as it 
circulates through the Veins of a living 
Creature. i 

Mr. William Cowper examining a 
Solution of Opium with the Micro fcope, found 
its diftolved Particles in the Shape of fringed 
Globules: whence he concludes, that fuch 
Particles circulating in the Mafs of Blood, 
may be fo entangled in its Serum, or thicken 
it in fuch a Manner, as to retard its Veloci- 
■ ty when over-violent, and render its Motion 
calm and equal; whereby all painful Senfa- 
tions 'V’t^ill be taken off. And from the fame 
Principles it is eafy to account for all its o- 
ther Efff’dts, and how too great a Number 
of fuch fringed Globules muft caufe a total 
Stagnation of the Blood, and confequently 
kill. Vid. Philof, Pranf. Numb. 222. 

Spirit Si 
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Spirits, Oils, di[fohed Salts, Tindliires, 
EjJ'erices, and all other chymical Preparations 
furnifli us with numberlefs Subjedis of Ex¬ 
periment ; and are certainly capable of pro¬ 
ducing the moft fudden and amazing Ef- 
fecdis, either good or bad, if injeded into the 
Blood-Vellels of diving Animals: theCaufes 
of which Effedls may in a great Degree be 
difcovered and accounted for, by microfcopi- 
cal Oblervations on Mixtures of them with 
the Blood when extrad;ed frqm the' Veins. 

A little Blood being mixed with about 
four Times its Quantity of ^Sal Volatile 
Oleofum, and viewed through a Microfcope, 
there appeared an immediate Separation of 
the Globules. In about the eighth Part of 
a Minute fome of them were much dimi- 
nidfd, and in a quarter of a Minute many 
of them were much didbived and entirely 
difappeared. Sometimes twenty Globules 
were feen near together, which foon lelTen’d 
to eighteen, then to fixteen, and became 
fewer and fewer till only two or three were 
left. Whence it is probable, that Sal Vo¬ 
latile Oleofum taken with the Food, and fo 
carried into the Ladeals and Blood VelTels, 
may retain its Power of preventing fuch Co¬ 
agulations as would other wife happen. 


* Arc. Nat. Tom. IV. page 36. 
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The Urine, Saliva, Semen, Sweat, Faces 
Alvi, and all othtc Animaljuices, are like- 
wife Objects for the Microlcope j to be ex¬ 
amin’d either alone, or mixed with the afore- 
faid Liquors : whence much ufeful Know¬ 
ledge may be acquired. 

As to Colour in the Blood, a Blacknefs a- 
rifes in it from a Deficiency of Serum, as 
Palenefs does from too great an Abundance 
of it : for it will be always found, that 
when Globules cohere together in too great 
Numbers they give a black Appearance. 
When this therefore is the Cafe, means of 
diluting fhould be found out, and made ufe 
of; fince it is abfolutely requifite to Health, 
that the Globules of the Blood fhould float 
in a due Quantity of Serum, and be there¬ 
by circulated freely through the minutefl 
Veflels, a contrary State to which has prov’d 
the Death of thoufands.-Mr. Leeu¬ 

wenhoek tell us, that whenever he found 
his Blood too deep colour’d, his Way was 
to drink four Difhes of Coffee in a Morning, 
in the Room of his ufual two j and fix Difhes 
of Tea in the Afternoon, inflead of three. 
He drank it as hot as poffible, and went on 
in this Manner, till he perceived his Blood 
grow paler, and corifequently its Globules 
farther feparated. 


CHAP. 
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CHAP. IX. 

Hoe Circulation of the Blood. 

I N order to view the Blood circulating 
through its Vejfels^ we mull make ufe of 
fuch fmall Creatures as by their Tranfpa- 
rency permit us to look within them, and 
fee what pafles there: for, in a Man, or any 
of the large Animals, the Skin is fo opake, 
that we cannot difcern even the fine Blood-r 
Veffels themfelvcs, and much lefs the Cur¬ 
rent that runs along them. Our Informa¬ 
tion, however, will not be greatly different; 
for the whole Animal Creation is eftablifhed 
on one and the fame Plan, and the Circu¬ 
lations in the meaneft living Creature are 
carried on through Veffels of a like Structure 
(in the general) and are accelerated, or re¬ 
tarded, by the fame Caufes as in the noblefl. 

And, in Truth, as to the Circulations of 
the Fluids, and the Motions of the Bowels, 
the Brain, or any of the internal Parts, 
more Knowledge may be gained by infped:- 
ing InfeBs and fmall Animals with the M- 
crofcopey than by the mofl fkilful and curious 
Diffeftions, or anatomical Experiments on 
larger Subjeds. For the Skins of fome of 
thefe little Creatures are fo tranfparent, that 
we may fee plainly through them the Order 
and Difpofition of the Veffels underneath; 

I 3 and 
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and the Coats of thefe Veffels are, again, 
of fuch an amazing Thinnefs' and Delicacy 
of Contexture, that they are little or no Im¬ 
pediment to our View of the fecret, tho’ re¬ 
gular, Operations of Nature, and the Laws 
ilae adls by, when undifturb’d and quiet: 
whereas our Diffcdions of larger Animals, 
while alive, may Ihew her at work, indeed, 
but in fuch Confulion, by breaking in upon 
her vioLntly, that all her Motions, then, 
muft be in great Diforder, and confequently 
uncapable of affording any fatisfadfory Infor¬ 
mation as to the Circulations. 

In this Sort of Creatures too, after view¬ 
ing, as long as we think fit, the natural and 
regular Current of the Blood, as it is carried 
on in a State of Health ; we may by Pref- 
fure, and feveral other Ways, impede, di- 
flurb, and divert itsCourfe; and may find 
Means, by various Mixtures with it, of in¬ 
ducing a morbid State ; and at laid, by let¬ 
ting fhe Creature dye before our Glafs, we 
may perceive all the Changes it undergoes, 
and what occafions the intermitting, vibra¬ 
ting, trembling Pulfe of expiring People. 

In feveral of thefe little Creatures we can 
not only fee the general Courfe of the Blood, 
but are able perfedlly to diflihguifli the Fi¬ 
gure and Circumflances of the Globules 
whereof it is compounded, and the Altera¬ 
tions they fuffer, when they pafs out of the 
larger into the more minute Veffels. For 
I many 
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many of the Vefiels are fo fmall, that even 
Angle Globules cannot poffibly And a PaAIige 
thro’ them without being compreffed into 
oval Shapes: and yet thefe VeATels are large 
in comparifon of the Aneft Veffels of all, 
to pafs through wh cb, the Globules muft 
be divided and fubdivided into their fmall- 
elt and mod; minute component Globules. 

’Tis amazing to obierve, how careful 
Providence has been to prevent the Blood 
from coagulating, or cohering in MaAes dan¬ 
gerous to Life, by the very DifpoAtion of 
the Veffels it runs through ; which, whether 
feparating, or uniting, are fo contrived as to 
caufe the Globules to come frequently toge¬ 
ther with a brifk ColliAon, or ftriking a-, 
gainft each other. The Arteries^ for Ex¬ 
ample, which convey the ^lood from the 
Heart to the Elxtremities of the Animal, 
and in their Progrefs continually leATen their 
Diameters, and divide into fmaller Branches 
almoft ad infinitum: in'thefe Arteries^ I 
fay, at every fuch DiviAon, many of the 
Globules of the Blood muft riiAi, with a 
conAderahle Force, againft an Angle dired;- 
ly in their Way j whence recoiling back ort 
thofe immediately behind, they mud; drike 
upon one another, and caufe a Kind of 
Commotion, e’er the Current can divide 
readily into the two fmaller Branches. See 

Fig- III. Plate X.-In the Veins., which, 

I 4 on 
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on the contrary, return back the Blood from 
the Extremities to the Heart, whofe Diame¬ 
ters enlarge as the Tide rolls along, and 
whofe fmall Branches are continually uni¬ 
ting and making larger Veffels, till at laft 
all their Streams fall into one; here, at every 
Conjunction of two Branches, their Currents 
ru{h againft each other with Violence: by 
which Concuffion unnatural Cohefions are 
broken, or prevented ^ and of this the Mi- 
crojcope can aiford us ocular Demonftration. 
Vide Fig. IV. 


CHAP. X. 

Oj ‘viemng the Current and the Circulation 
of the Blood. 

T>Y the Current of the Blood, I mean, its 
Jireammg or pafjing on either from or 
towards the Heart, through any Vefel, whe¬ 
ther it be a Vein or Artery. 

By the Circulation I would be underflood 
to intend, the Courfe or Current of it, from 
the Heart along the Arteries to the Extre¬ 
mities of th^Body: together with \t?,JReturH 
by the Veins from the Extremities back 
again towards the Heart. 

Both thefe the Microfcope can bring to 
View y but the latter is fomewhat more dif- 
l ficult 
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ficult to be affured of than the former j for 
when the Veffels before us are extreamly 
fmall, it is not always eafy to diftinguilK 
which of them are Veins and which are 
Arteries. 

The larger Arteries are indeed diftingui/h- 
able by a Protrufion of the Blood at each 
Contradion of the Heart, then a Stop, and 
then a new Protrufion, which may plainly 
be feen continually fucceeding one another: 
whereas the Current paffes through the Veins 
with an equal and unintermitting Stream. 
But in the more fine and extreme Branches 
of the Arteries this Difference is not per¬ 
ceivable. 

The tranfparent Membrane between a 
Frog’s hind-foot Toes is the Objed moft 
commonly employed for viewing the Current 
and Circulation of the Blood j and, in this, 
if well expanded, it may be feen fairly and 
diflinaiy, both in the Veins and Arteries, in 
the manner reprefented Plate XI. Fig. I. 

A. A. two Toes of a Frog’s hinder Foot. 

B. the thin Membrane between the Toes, 

extended. * 

C. C. C. the Trunks of the Arteries. 

D. D. the Trunk of a Vein. 

E. E. E. Arteries and Veins in the fine 
Membrane, with the Blood-Globules circu¬ 
lating through them. 


The 
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The Way of applying it to the Microfcope 
was defcribed Page 13; and therefore needs 
not be repeated here. 

The Tails or Fins of fmall Filhes may 
likewife be ufed very commodiouily to this 
Purpofe, and prefent to View great Num¬ 
bers of Veins and Arteries with the Blood 
paffing different Ways through them. 

It is difficult here in Lofidon to meet with 
any Fifhes alive and proper for this In- 
fpedlion, except Eels and Flounders : either 
of thefe will ferve however exceeding well; 

but the fmaiier they are the better.-Put 

yom Eel into a GlafsTube fill’d with Wafer, 
after wiping off its Slime, which would ob- 
fcure your Glafs. Then having flopped, 
both Ends, to;prevent the Water’s running 
out, apply the Tail or Fin to your Micro¬ 
fcope, and you’ll fee the Circulation in a very 
agreeable Manner. If you put not Water 
in your Tube, the. Sliminefs of the Eel will 
immediately foul the Glafs'and prevent your 
Pleafure. . . 

The flat Figure of the Thunder will not 
permit us to put it in a Tube as we do the 
Eel, or view it by every Kind of Micro¬ 
fcope r but if a plain Piece of thin Glafs be 
placed pver.the.Hole, where Objeds'are ap¬ 
plied to the Double Refie£ling Microfcope, 
its Tail may be fpread advantagioufly upon 
the faid Glafs: and by ietting a Book, or 

fome- 
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fomething elfe of a proper Height to fup- 
port the Body of the Fidi, it will lye in a 
very good Pofitioii for View, and the Circu¬ 
lation may be feen diftindtly. 

Eels and Flounders live a long while out 
of Water, and are therefore moil; ufeful for 
this Service here at London-, but in the 
Country many Sorts of other fmall Fiihes 
may be found much more tranfparent. 

Mr. Leeuwenhoek informs us*, that 
he faw, with great Admiration, in the ut- 
moll; Extremities of a very minute Fiih’s 
Tail, how the larger Arteries were there di¬ 
vided into the moft fine or evanefcent ones; 
and how many of the fmalleft Veins, re¬ 
turning from the faid Extremities, met to¬ 
gether at laft in fome larger Vein. There 
appeared alfo in fome Veffels, fuch an Agi¬ 
tation of that Blood (which was protruded 
from the larger Arteries towards the eva¬ 
nefcent Ones at the very Extremity of the 
Tail, and returned afterwards through ma¬ 
ny minute Veins into a large One) as hardly 
can be conceived. In the larger Arteries he 
could perceive a continual new Protrulion, or 
Acceleration of the Blood’s Courfe, received 
from the Heart j but in the fmaller Arteries 
the Motion feemed equable, without any 


* Jr can. Nat. Tom. IV. Epift. 65. 
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fuch repeated Propulfion : and though in the 
minuted; Veffels there appeared no Colour, 
yet in the larger Vein or Artery, though 
near the End of the Tail, the Blood was 
plainly red. 

We cannot properly call any Veffel an 
Artery farther than the Pulfation reaches ; 
beyond that, and returning towards the 
Heart, it rnuil be accounted a Vein: for 
Veins are only Arteries elongated; but as 
they frequently divide into Branches that 
evade Difcovery, it is, perhaps, impoffible 
to determine exad;ly where the Arteries end, 
and where the Veins begin. 

They do not always, however, branch 
out fo extreamly fine before their Inofculati- 
on or Communication w'ith the Veins; for 
the fame curious Obferver tells us, that on 
each Side the little Grilles, which gave a 
Stiffnefs to the Tail of the Filh abovemen- 
tion’d, he could fee a very open Communi¬ 
cation of the Veins and Arteries: the Blood 
running towards the Extremities through 
Arteries, and returning back again thro’ 
Veins that were evidently a Continuation of 
Biofe Arteries, and of the fame Diameter 
with them : And this he faw in thirty-four 
different Places, in as many Arteries, and as 
many Veins. The Manner whereof, as by 
him delineated, isfhewn, Tab. XI. Fig. II. 


A. A. 
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A. A. Reprefent two Arteries, one of 
which runs on each Side a minute Griftle. 

B. B. Their open Communication with 
the two Veins C. C. 

As this whole Fiih was not half an Inch 
in Length, how fmall muft the Tail there¬ 
of be, in which, notwithftanding, the Cir¬ 
culation of the Blood was vifible in thirty- 
four Places, and the Current of it in fixty- 
eight VefTels ! and yet thefe Veffels were 
very far from being the moft minute of all. 
How inconceivable then muft be the Num¬ 
ber of its Circulations in an human Body! 
Nor need we wonder to behold it ifluing 
forth at every Prick of a Pin or Needle. 
Upon confidering this, Mr. Leeuwen¬ 
hoek adds, that he is fully perfuaded, a 
thoufand different Circulations of the Blood 
are continually carried round in every Part of 
a Man’s Body that is not larger than the 
Breadth of his Fore-finger Nail 

The Tail of a Newt, or Water-Lizard, 
applied in a Glafs Tube, after the Manner 
direded for the Eel, affords an entertaining 
Profped of the Circulation through Num¬ 
bers of fmall Veflels, But nothing cam ftiew 
it finer, than an exceeding fmall -f Newt of 


* Leeuwenh. Arcan. Nat. Tom. IV. p. 169. 
f Phil. fran/aCl. Numb. 288. 
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this Water-Kind, which fometimes may be 
found lefs than an Inch long, and fo tranfpa- 
rent, that the Blood may be feen running in 
all Diredtions, not only through theVeffels of 
the Tail, but throughout the whole Body: 
And it IS particularly delightful, to behold, in 
the little Toes, the Stream thereof running to 
the Extremity in one Channel, and return¬ 
ing back again by another. Juft below the 
Head are on either Side three Fins, or fome- 
what like them, which, in fwimming, the 
Creature makes Ufe of to poife and guide its 
Body : each of thefe appears by the Micro- 
fcope divided, like Polypody^ into many point¬ 
ed Branches; in any one whereof, as in the 
Toes, the Blood is feen coming along an Ar¬ 
tery to the Extremity, and then irnmedi- 
ately returning towards the Heart again, 
through a Vein that lies parallel, and almoft 
clofe thereto, and with which its Commu¬ 
nication is very apparent.—As thirty or forty 
of thefe Branchings prefent themElves be¬ 
fore the Eye fometimes at once, with the 
Blood diftinctly circulating in all, they afford 
a charming Sight: and they may be viewed 
by the third or fourth Magnifier j for the 
Globules of the Blood in Newts are larger 
than in any other Creature I have examin’d, 
and are fewer in Proportion to the Serum or 
Water they float along in. To which 1 may 
alfo add, that the Figure of them, as they are 

carried 



and Circulation of the Blood. 127 
carried along the Veffels, changes in a moft 
furprizing Manner. 

In Spring-time, if a little Frog's Spawn 
be kept fome Days in a fmall Quantity of 
the Ditch Water wherein you found it, you 11 
be furnilhed with a Number of exceedingly 
fmall Fadpoles^ which, when firft they b^e- 
gin to fwim, are almoft wholly tranfparent; 
and if placed before the Microfcope, in a 
Tube proportionably fmall, with fome Water 
in it, you'll eahly difcern the Heart and its 
Pulfation, together with the Blood circulat¬ 
ing in every Part of the Body; and, particu¬ 
larly, in the Tail, more than fifty Veffels 
prefent themfelves at one View. 

Thefe Tadpoles become lefs clear every 
Hour, and in a Day or two their Skin grows 
fo opake, that the Circulation of the Blood 
can be feen no longer, unlefs it be in the 
Tail, or better dill in the Fins, at the joining 
on of the Head. 

A fmall Miifcle taken carefully from its 
Shell, and placed before the Microfcope on 
an Ifinglafs, affords a View of many Arte¬ 
ries and Veins, through which the Circula¬ 
tion of the Blood may be very clearly feen : 
and one great Advantage in this Object is, 
that it lies always quiet; whereas moft other 
Creatures are difficult to be kept dill long 
enough for Obfervation. The Motion of the 

Blood 
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Blood continues in it fix or feven Hours with 
little Alteration : and^ by moiftening it now 
and then with fait Water, may probably be 
continued much longer. 

I can alfo affure you, from my own re¬ 
peated Experiments, that if a large Mujile 
be carefully opened, and a Piece of the thin 
tranfparent Membrane adhering to the Shell 
be fnipped off with a Pair of lharp Sciflars, 
and applied to the Microfcope, the Blood 
will be feen paffing through Numbers of 
Veins and Arteries j and if the Extremity of 
the Membrane be viewed, the true Circula¬ 
tion, or the Return of the Blood from the 
Arteries through the Veins, will be fliewn 
in a delightful and fatisfadory manner, and 
continue for a long Time. There are like- 
wife other tranfparent Parts of the Mufcle, 
where the Pafiage of the Blood is very dif- 
cernable ; And, as Mujcles are to be got mofi; 
times of the Year in London^ the Knowledge 
hereof will, I hope, oblige the Curious. 

We are told by Mr. Leeuwenhoek, 
that in the farthefi Joints of the hinder Legs 
of little ^ Crabs, he beheld the Blood circu¬ 
late through the Arteries and Veins, with 
greater Rapidity than he had ever obferved it 
in any other Creature j and, moreover, that 
the red Globules tliereof were twenty-five 


* Leeuw. Jrc.'Nai. Tom. IV. Ep. 84. Again, Bp. 86. 

times 
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tihies fewer in Proportion to its Serum tbsn 
in any other Land or Water-Animal he had 
ever before examin’d. 

At the proper Time of Year, exceeding 
fmall Crabs may be found, in great Abun¬ 
dance, under Stones and Brick-bats on the 
Shores of the River Bhames, when the Tide 
is out: and as many of them are not larger 
than a little Spider, it is highly probable 
fuch may be tranfparent in many Places of 
the Limbs and Body ; notwithftanding Mr. 
Leeuwenhoek found his, which were an 
Inch broad, opake every where but in the 
extreameft Joints of the hinder Legs. Per¬ 
haps too, they may appear more traiafparent, 
if they are applied to the Microfeope in a 
little Tube filled with Water, than if they 
are viewed dry j for ’tis obfervable, that 
many Objeds acquire a Tranfparency by be¬ 
ing wetted, in the fame manner as Paper 
becomes clear by being rubbed with Oil. 

The Blood may be feen circulating in the 
Legs and Tails of Shrimps, efpecially it view¬ 
ed in Water; but then the Water muft 
have a little Salt put thereto, or elfe they 
will foon expire. In Shrimps the Blood is 
not red j which has given Occafion to call 
them as well as many other Infeds exangues, 
or bloodlefs : tho’ in reality no living Crea¬ 
ture is without Blood ; for animal Life con- 
fids in a Circulation of fome Fluid through 
K Arte- 
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Arteries and Veins, and that Fluid, what-* 
ever Colour it may be of, is properly to be 
accounted Blood. In Grajhoppers the Glo¬ 
bules (which may be feen pafling through 
the Veffels in their \Vings) are green, and 
yet I am apt to think, no body that views 
them will helitate to call them, with the 
Serum wherein they fwim, Blood, 

In the tranfparent Legs and Feet of feve- 
ral fmall Spiders, the Current of the Blood 
may plainly be didinguilh’d both in the 
Veins and Arteries : alfo in the Legs of very 
fmall Punices or Bugs it is remarkably vifi- 
ble, together with an extraordinary Vibra¬ 
tion of the Veffels, which I never have ob- 
ferved in any other Creature. In thefe too, 
if clear, as they may fometimes be found, 
the wonderful Motions of all the internal 
Parts will afford an agreeable Entertainment 
to the Curious, and may be examin’d as long 
and as often as theypleafe. For I have kept 
a Bug alive in a Slider between two Pieces 
of Ifinglafs at lead dx Weeks together, not- 
withdanding it was confined fo clofe as to 
be uncapable of dirring : and altho’ during 
that time it often feem’d dead and motion- 
lefs, when I placed it before the Microfcope 
a little Warmth would fet the Bowels at 
work again, and renew the Current of the 
Blood as briikly as ever. 


After 
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After many Obfervations made by Mr* 
Leeuwenhoek on the Blood of Cocks* 
Sparrowsy FrogSy Trout, Perchy Cody SalmoHy 
&c. he affirms, that the red Particles in the 
Blood of Birdsy Fijhes, and Water-Animahy 
are conftantly * flat and of an oval Figure, 
that is, they are longer than their Breadth, 
and appear as in Plate X. Fig. V. The fe- 
rous Part of the Blood in Fijhes and Aquatic 
Animals is alfo greatly more, in Proportion 
to the red Particles, than it is in Beajls or 
Metiy and the Particles themfelves are larger : 
fo that, by being bigger, and fwimming far¬ 
ther aiunder, they may be feen much better. 

^ Mr. Leeuwenhoek obferved the Blood 
circulating in the filmy Wings of a Bafy 
and likewife in its Ears, and found the Glo¬ 
bules thereof perfedfly round; Wherefore, al¬ 
lowing his AlTertion, that in Fiffies and Birds 
they are always flat and oval, we need no 
longer hefitate how to clafs this odd Creature j 
but, notwithflanding its flying, ffiall pro¬ 
nounce it to be a Beafl. 

He tells us, that Bats can lee as well by 
Day as Night: but he fuppofes the Heat 
and Drynels of the Day-Air would flirivel 
up the thin Membranes of their Wings, and 
confequently flop the Circulations there: 


* Arc. Nat. Tom. T. P JI. p. 51. Again, Tom. II. Epifl. 

128. Again, Tm. IV. 6c. 

+ Arc. Nat. Tom. IV'. Epift. 67. 
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whereas the cool Dews of the Evening ren¬ 
der them moift and pliable j which makes 
them chufe that time to come abroad. 

In viewing feveral of the Objeds here 
mentioned, one (hall often obferve the Blood 
pafling through Veffels fo minute, that the 
Globules of it cannot glide along otherwife 
than fingle, and fqueezed into oblong Forms : 
yet an hundred of the red Globules of fuch 
Blood, if placed clofe to one another in a 
Row, would not equal the Length of the 
Diameter of a large Grain of Sand j and 
confequently a Million of them exceeds not 
a Grain of Sand in Bignefs 

The Effeds of Heat and Cold upon the 
Blood are well worth taking notice of: for 
as Heat relaxes the Veffels, the Blood finds 
more Room to move in, its Globules-float at 
greater Diflances, and it circulates more 
freely; whereas Cold fo contrads the Vef- 
fels, that the Globules are compreft toge¬ 
ther, and the Blood is impeded, and in fome 
Degree coagulated in the minute Capillary 
Veins and Arteries of the extream Parts j as 
is evident from the Swelling and Blacknefs 
of the Hands and Feet when expofed to fe- 
vere Cold. 


* Leeuwen. Arc. Nat. Tom, I. Par L pag. 35. 

Before 
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Before I clofe this Chapter, I lhall briefly 
commuiyicate fome Experiments, I had the 
Pleafure of making laft Summer, with my 

mofl: ingenious and valuable Friend Dodlor 

Alexander STUART,Phyfician to her late 

Majefty, in order to view the Circulation of the 
Blood by the Solar or Camera Obfeura Micro- 
fcopCy which has the Advantage of naagnifyii g 
Objedts beyond any other fort of Microfeope: 
but muft refer the Curious to a more full 
Account thereof laid by this Gentleman be¬ 
fore the Royal Society, and which will be 
publilhed in the Philofophical Pranjaaiom. 

I muft firft deferibe a particular Apparatus, 
invented by the IDo 5 ior, for examining the 
Circulation of the Blood in Frogs, Mice, 
Bats, or any Creatures of the like Size. In 
this Contrivance, the Looking-glafs, Tube, 
and convex Lens are juft the fame, and 
placed in the Hole of a Window-Shutter in 
the fame manner as deferibed Pag. 22. But 
here, inftead of ufing Wilson’s little Rocket 
Microfeope, he has got the Belly-Part of a 
large Refledting one fixed horizontally on a 
Pedeftal, at a Height exadlly equal to the 
Tube. This ftands on a little Shelf made 
to fupport it ; and to the Snout thereof, 
which lies on a Level with the Tube, tne 
Magnifiers are ferewed. The Objedl being 
extended and faftened with Strings and Pins 
on a Frame convenient for the Purpofe, is 
applied between the Tube and the Magni- 
^ / K 3 fier: 
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fier : whereby the Sun’s Rays refleaed from 
the Looking-glafs, through the Tube, upon 
the Objea, pafs on through the Magnifier, 
and exhibit upon the Screen an Image of 
the Objed mofi; prodigioufly enlarged. This 
I hope may give fome Idea of our Inftru- 
ment: and now I come to the Application. 

Our Objedb was a Frog^ whofe Limbs 
being extended and faftened on the Frame, 
we opened the Skin of the Belly from near 
the Anus to the Throat; then giving it a 
little Snip fideways both at the Top and 
Bottom, by flicking a Fijk-Hook in each 
Corner of the Skin, it was eafily flretched 
out before the Microfcope, and prefented on 
the Screen a mofi; beautiful Pidure of the 
Veins and Arteries in the Skin, with the 
Blood circulating through them. In the 
Arteries we could plainly perceive the Blood 
flopping, and as it were receding a little, at 
each Dilatation of the Heart, and then im¬ 
mediately rufhing forwards again at each 
Contradion j whilft in the Veins it rolled 
on in a continual Current with inexpreffible 
Rapidity 

After confidering this as long as we 
thought needful, we opened the Abdomen^ 
and extending the Mufcles before the Micro-^ 


* When the Arteries were magnified very much, by re¬ 
moving the Screen to a confiderable Diftance, the alternate 
Expanfion and Contraftion of their Sides were very vifible 
and remarkable. 
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fcopSj by the fame Means as we had done 
the Skin, we had the Pleafire of viewing 
their Struclnre,. which we found to confift 
of Bundles of tranlparent Strings or F'ibres, 
lying parallel to one another, and joined to¬ 
gether by a common Membrane, Thefe 
Strings or Fibres appeared through their 
whole Length made up of minute roundidi 
Veficles, or, in other Words, feemed like 
Rufhes divided the long Way. We could 
not be certain of any Circulation through 
the Mufcles, though fometimes we imagin’d 
we faw a very flow Motion of fome tranfpa- 
rent Fluid : but the Objedt growing dry and 
rigid, obliged us to leave that Enquiry to a 
farther Examination. 

We then proceeded to our lafl; Experi¬ 
ment, which was to draw out gently a Part 
of the Frog’s Gut, in order to apply the Me- 
Jentery to the Microfcope: and herein we 
fucceeded fo happily, that I believe the Cir¬ 
culation of the Blood was never before feen 
in fo diflindt and fine a Manner. No Words 
can defcribe the wonderful Scene that was 
prefented before our Eyes ! We beheld the 
Blood pafllng through numberlefs Veflels at 
one and the lame Inftant, in fome one Way, 
in others the quite contrary. Several of the 
Veflels were magnified to above an Inch in 
Diameter, and the Globules of the Blood 
rolling through them feem’d near as large as 
Pepper-Corns j whilfl: in many of the mi- 
K 4 nutefl 
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nuteft Veffels only finglc Globules wa-e able 
to find a Pafiage, and that too not without 
changing their Figure into that of oblong 
Spheroids. We faw here likewife, much 
better than we had done before, the Pulfar- 
tion and Acceleration of the Blood in the 
Arteries, in the Manner before deferibed, 
and could clearly diftinguKh two or three 
Vefleis lying over one another, with Cur¬ 
rents running different Ways. In fhort, it 
appeared like a beauteous Landfeape, where 
Rivers, Streams, and Rills of running Water 
are every where difperfed. 

During this Examination, we took notice 
of aVeffel extreamly minute, iffuing from 
the Side of a larger, and turning backwards 
from it in a curve Line. We perceived, at 
unequal Intervals, fometimes one, fometimes 
two, and fometimes three colourlefs Glo¬ 
bules, dropt or fqueez’d out of the larger 
Vefiei into this minute one, and gliding 
through it fingly and very flowly j which 
made the Do^or imagine it might be ^fe- 
cretory Du^i. We obferved likewife, that 
as the x'\nimal grew languid and near ex¬ 
piring, the Blood in the Arteries would flop 
on a'^fudden, feem as it were coagulating, 
and then run backwards for fome timej 
after which, it would again recover its na¬ 
tural Gourfe with a great deal of Rapidity, 
r—A dueConfideration of thefe Appearances 
pight poffibly account foi the Intermiffions, 
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Starts, and Irregularities in the Pulfe of Per- 
fons near the Point of Death. 


CHAP. XI. 

Phe Pulfation of ^-6^ Heart, 

HIS wonderful Phaenomenon may he 
feen diftindly in feveral fmall Infedts, 
fame whereof I ihall here mention, with 
fliort Diredtions how to find it. 

Divide a Bee^ particularly an Humble- 
Bee, near the Neck : and its Heart, which 
is a white pulfing Particle, may be feen 
beating brifkly. 

The Head of the | Hotfe-Fly being cut 
off, juft at the fetting on of the Neck, a 
little Particle (which is the Heart} will ap¬ 
pear with a Pulfation in it for half an Hour. 

The d* Qrafshopper has a green Film or 
Plate over its Neck and Shoulders, which 
being raifed with a Pin, its Heart may be 
feen, beating very orderly, for a long while 
together. 

Cut off the Head of that little flying Bee¬ 
tle, known to every Child by the Name of 
§ Lad^-Bird, or Cow-Lady : eredl it per- 


* Dr. Power’s Microfeop. Qhfir’v. p. 4. t Ibid. 7. 
■}• Ibid, 24. ^ Ibid. 30. 

pendicu- 
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pendicularly, and you’ll fee two fmall black 
Eyes, each fet between three white Plates 
like polilh’d Ivory, on one fide two fmall 
ones, and a large one on the other. Pull 
off both the cruftaceous and filmy Wings, 
which cover a tender black Skin, and, re¬ 
moving that Skin, the Pulfation of the Heart 
may be feen beating vigoroufly for twelve or 
fourteen Hours. 

The Heart of a * Saail is to be found 
exadly againft the round Hole near its Neck, 
of a white Colour, -j- and may be feen beating 
a quarter of an Hour after DilTeilion. 

It may alfo be feen in 2i,Loufe, as I fhall 
[hew when I come to defcribe that Crea¬ 
ture ; and I make no doubt the curious and 
diligent Enquirer will be able to difcover it 
in Multitudes of other little Animals. 

The perifaltic Motion of the Stomach 
and Bowels may be feen very diftindily in 
Lice^ Gnats^ FlieSy See. and a Multitude of 
other Infeds. 


* Dr. PowER’s Microjeop. Ohfervat. p. 36. 

•}■ Sw AM M E R D. Hiji, Generate des Infe£lest P- 77. 
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CHAP. xir. 

Of the mufcular or flefhy Fibres of Animals. 

T H E flejhy Fibres of the Mufcles (ac¬ 
cording to the Obfervations of Monfeur 
Muys) are compofed of other fmaller Fi¬ 
bres or Fibrils, the Size of a (lender Hair j 
five or fix hundred of which Fibrils go to 
the making up of one flejhy Fibre, whofe 
Diameter is no more than the twenty-fourth 
part of an Inch. Each of thefe Fibrils is 
again compofed of more than three hundred 
fmall tranfparent Tubuli, fo extreamly flen- 
der, that were one of thofe Blood-Globules 
(which Mr. Leeuwenhoek fuppofes but 
the Millionth Part of a Grain of Sand) di¬ 
vided into twenty-four Parts, even thefe 
minute Parts could hardly enter and pafs 
through fuch exceedingly fmall Tubes. And 
yet, that they do enter and pafs through 
them is evident by the Rednefs of the Flefli 
of Animals. We mufi: therefore infer, that 
the Fubuli forming a Fibril are really hol¬ 
low ; that the Extremities of the Arteries 
open into them, and empty there a Part of 
their Liquor, which is carried back again by 
the Veins to the Heart: and that the Glo¬ 
bules of the Blood are, for this Purpofe, di¬ 
vided into Parts inconceivably fmall. * 

* Vid, Phil. Tranf, Numb. 339, 

Mr. 
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Mr. Leeuwenhoek fays, tzdiMufcular 
Fibre 1% compofed of many fmaller Filaments 
or FibrUs 5 which, however minute, he could 
plainly diftinguifh to be vafcular: for, if 
he cut acrofs their Length, the Light ap-* 
peared through the Mouths of the VelTels j 
but if he cut them ever fo little obliquely 
no Light was to be feen •f*. He found alfo, 
that each Fibril is invefted with a ^ minute 
Membrane, which is only a Congeries of 
Blood-Veffels conveying Juices and Now- 
ridiment thereto, tho’ their Finenefs renders 
them invihble. It is not, however, to be 
imagined, that each Fibril has its peculiar 
Membrane: but that all the Membranes to¬ 
gether are like a Net finely fpread, with a 
Fibril iffuing through each of its Mefhes. 

This Structure of the Fibres he obferved 
in the Flefh of an Ojt, and of a Whale; 
but more plainly in that of a Whale, the 
Beef-Fibres lying more compadt and clofe. 
He alfo found that the Fibres of a Moufe 
were of the fame Thicknefs as thofe of an 
Ox, though thirty thoufand Mice are not 
equal to one Ox in Bignefs : whence he 
concludes, that the different Size of Ani¬ 
mals is intirely owing to the greater or lefs 
Number and Length of the Fibres 


f Phil. Tranf. Numb. 367. ‘ 

. * Gorter. Medic. Compend. p. 58. 59. LEEuw.Arc. 
Nat. Tom. III. p. 58. J Ibid. 61. 

Thefe 
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Thefe fiefhy Fibres appear through their 
whole Length encompalfed with circular 
Wrinkles. If a Thread were twifted about 
a fine Needle in a Screw-like Form, with 
fpiral Circumvolutions, fo that each Thread 
be diftant from another the Diameter of the 
Needle, it would naturally reprefent the 
Manner of thefe circular Twiftings. And 
this Difpofition is wonderfully contrived for 
the ready Difenjion or ContraBion of the 
Fibres : for as a Cord will be difiiended or 
contradted quicker, or foiver, in proportion 
to its Length, the fame mull: alfo be the 
Cafe in Animal Fibres ; and, therefore, on 
thefe Principles we may calculate how much 
more nimbly the Leg of a Moufe can move 
than the Leg of an Ox. 

The Method of viewing the Miifcular 
Fibres is, to cut carefully, -and with a very 
fbarp Razor or Pen-knife, a Slice of dryed 
Flelh or Fid), as thin as pofiible. Lay it 
on a Piece of Glafs, and moiften it with 
warm Water ^ which, drying loon away, 
will leave the VelTels open and diftinguilh- 

able.-It is obfervable that the Fibres of 

Fifh are larger than thofe of Fle£h. 

That the Mufcular Fibres are vafcular, or 
made up of little hollow Veffels, is fuppofed 
by Mal PI CHIOS, Bor ELL I, Gorter, out- 
own Countryman Mr. Hooke, who fays, 

they 



Of the Mufcular 'Fibres of Animals. 
they appeared to him like Strings of Pearls 5 
and, very lately, by Dr. Alex. Stuart, 
m his learned and ingenious Treatife de Mo- 
tu Miifculorum ; where, from fuch a Struc¬ 
ture, and by the Influx of the nervous Fluid, 
he accounts, very reafonably, for the elailic 
Force, the Contradlion, the Diftenfion, and 
all the Aaions of the Mufcles *. But as 
thefe Gentlemen differ fomewhat in the Fi¬ 
gure of the little Veficles fuppofed to make 
up the mufcular Fibres, the Curious will do 
well to examine, with the Microfcope, into 
this Matter, as carefully as poffible; and 
that, by contriving ail the Ways they can 
think of to view the Fibres in living Ani¬ 
mals. For, whatever Form the Veffels may 
have when replete with a nervous or other 
Fluid, I am afraid, when the Fibres have 
been dried, or the Veffels collapfe together 
by not being fupplyed with fuch Fluid, the 
true Form and Strufture of them can never 
be fully known. 

Our Obfervations, ’tis probable, may be 
made with moft Succels on InfeSis^ their 
flefiiy Fibres, as Mr. Leeuwenhoek tells 
us, being no lefs vifible than thofe of larger 
Creatures: which he found, by cutting off 
and examining the flelhy Parts of the Legs 
of‘f’F 7 irVr, Gnats^ Ants^ in all which he 


* Vid. GoRTER deFabrica & Motu Mufculor. St u b. a x 
de Motu Mufc. p, 49. f Arc. Nat. Tom. Ill p. 108. 

could 
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could plainly diftinguifh the circular Wrin¬ 
kles or Circumvolutions encompafling the 
Fibres, as they are pidur’d Plate XL Fig. III. 


CHAP. XIII. 

’ Of Bones. 

T TPON examining of Bones with a Mi~ 
^ crofcope, their fuperficial Part is found 
to confift of a great many fmall VelTels, and 
fome few of a larger Size : which laft, when 
they come to the Surface of the Bone, ap¬ 
pear invefted with either a Membrane or 
bony Subftance perfectly tranfparent. The 
Infide of the Bone has a fpongy or cellular 
Subftance, con filling of long Particles clofe- 
ly united, which are compofed of number- 
lefs fmall Veflels, fome running length-ways, 
and others taking their Courfe towards the 
Sides of the bony Particles, which, not- 
withftanding their great Number of Aper¬ 
tures, are extreamly hard, and lye fome pa¬ 
rallel, and others perpendicular to the Length 
of the Bone. 

Mr. Leeuwenhoek difcover’d, once, in 
a fmall Bit of a Shin-Bone, four or five Vef- 
fels, with Apertures large enough for a Silk 
to pafs through ; each whereof feem’d fiir- 
nifh’d with a Valve, difpofed in fuch a Man¬ 
ner 
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ner as to let out what was contained in the 

VefTel, but fufFer nothing to return into it *. 

“ It may poffibly be conceived by fome, 
“ fays Dr. Grew, that the Bones^ at lead 
“ fome of them, are hard at the fird: as 
“ Salts and other cryftallizing Bodies are as 
“ hard upon the very firft Inftant of their 
“ Shooting, as they are when grown into 
large Cryflals, But it is fo far evident 
“ that all the Bonei are foft at the firft, that 
“ I am of Opinion, they are originally a 
Congeries of as true Fibres or Jibrous Vef- 
feh as any other in the Body ; which by 
‘‘ Degrees harden into Bones, in like Man- 
“ ner as the inmoft Velfels of a Plant do in 
“ time harden into Wood. And as in a 
“ Plant there are fucceflive Additions of 
“ Rings or Tubes of Wood, made out of 
“ Vedels ; fo in an Animal, it feems plain, 
that there are Additions fucceifively made 
“ to the Bones out of the Jibrous Parts of 
“ theMufcles: efpecially thole whited Fibres 
which run tranfverfly, and make the Sta- 
“ men or Warp of every Mufcle. So that, 
“ as in the Bark of a Plant, part of the Vef- 
“ fels are fuccedively derived outward to the 
Rind, and part inward to the Sap, which 
afterwards becomes hard Wood fo, in the 
“ Flelh of an Animal, Part of the white 
“ tranfverfe Fibres are fuccedively derived 

* Philofoph. Tranfact. Numb. 366. 

“ to 
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“ to the Skin (of which it chiefly confifls) 
“ and Part of them inwardly, making ftill 
“ new Periojteums one after another, as the 
“ old Ones become fo many Additions to 
“ the Bones.” * 

Whoever would examine the Bone^, mufl 
fhave off, with a lharp Pen- knife, very thin 
Pieces lengthways, crofsways, and obliquely, 
and that from the Infide, Outfide, and Mid¬ 
dle of the Bone. Apply to the Micr&fcope 
fome of thefe Shavings dry^ and Others moi- 
flened with warm Water, and thus the Vef- 
fels will be feen in all Diredions. But the 
bell Way of fliewing the bony Strudlure is, 
by putting the Bones in a very clear Fire 
till they are red hot; then taking them out 
carefully, you’ll find the bony Cells, though 
tender, perfect and entire : And being now 
quite empty, they may be viewed with great 
Eafe and Pleafure. 

CHAP. XW. 

OJ N E R V E S. 

M r. LEEUwEfNHOEK endcavoured to 
difcover, by hi§ Mtcrofcope,t\\Q Struc¬ 
ture of the Nrrwf, in the Spinal Marrow 

* Gr Ew’s Rarities of GreP^am College, p. 6. 

L of 
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of an Ox ; and faw, with great Delight, that 
minute hollow VelTels, of an unconceivable 
Finenefs, inverted with their proper Mem¬ 
branes, and running out in Length parallel 
to one another, make up their Compofition. 
And though fome Hundreds of thefe Vertels 
go to the Formation of the leart Nerve that 
can portibly be examined, he did not only 
difcern the Cavities of them, which he com¬ 
puted to be three times lefs than their Dia¬ 
meters, but, in fome, perceived the Ori- 
iices, as plainly, as the Holes in a pricked 
Paper are to be feen when looked at againft 
the Sun. It requires however great Dexte¬ 
rity and Expedition to make this Examina¬ 
tion with Succefs j for after a thin Slice of 
the Spinal Marrow is placed before the Mi- 
crofcope, in lefs than a Minute’s Time it be¬ 
comes dry, and the whole Appearance va- 
nirties 

The fame ingenious Enquirer into Nature 
examined likewife the Brain of ieveral Crea¬ 
tures, fuch as an Indian Hen, a Sheep, an 
Ox, a Sparrow, &c. and could there dirtin- 
guifh Multitudes of VelTels, fo extreamly 
fmall, that if a -f- Globule of the Blood (a 
Million whereof exceed not a Grain of 
Sand in Bignefs) were divided into five hun¬ 
dred Parts, thofe Parts would be too large 


* Arc. Nat. Tom. III. p. 310. 35^, 4.^0. 
T Ibid. Tom. I. Part I. p. 30. 


to 
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to pafs into fuch Veffels. He obferved far¬ 
ther, X Veffels in the Brain of a 

Sparrow are not fmaller than in an Ox j 
and argues from thence, that there really 
is no other Difference between the Brain of 
a large Animal and that of a fmall one, but 
only a greater or fmaller Number of Veffels; 
and that the Globules of the Fluid paffing 
through them are in both of the fame Size* 

Though it does not dire( 5 lly relate to Mi- 
crofeopes^ I hope I may be excufed for tak¬ 
ing Notice here, that in the Year 1711, Dr. 
Alex. Stuart made a Difeovery, that the 
Nerves are not elaftic, contrary to the O- 
pinion of all preceding Authors ; and proved 
it by the follovsring Experiment ; ‘‘ Laying 
a Piece of Twine, about four Inches in 
Length, parallel to the Nerve, Artery and 
Vein of the Infide of the Thigh in an hu¬ 
man Subjedf, and tying thefe together above 
and below, as foon as they were cut out of 
the Body, and laid on a Board; the Artery 
and Vein v/ere feen to contrad: equally, to 
the Lofs of a quarter Part of the Length they 
had in the Body before Excilion j but the 
Nerve continued of the fame Length with 
the Twine, as in the Body.” 


t Arc. Nat. Tom. I. Parti, p. 38. 

\id. Stuart’s Ledures on Mufcular Motion in the Year 
1738. p. 3. 
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CHAP. XV. 

Of the Generation o/'Animals and Vegetables. 

Jf^ivocal or fpontaneous Generation^ that 
is, a Produftion of Plants without Seeds, 
and of living Creatures without any other 
Parents but Accident and Putrefaction, how¬ 
ever abfurd it may feem to us, was an Opi¬ 
nion that prevailed, almoft univerfally, till 
Microfeopes overturn’d it; by demonftrating 
that all Plants have their Seeds, and all Ani¬ 
mals their Eggs: whence other Plants and 
other Animals, exaCtly of the fame Species, 
are perpetually and unalterably produced. 

Nothing feems now more contrary to 
Reafon, than that Chance and Najlinefs 
lliould give a Being to Uniformity, Regula¬ 
rity, and Beauty : That two fuch unlikely 
Principles Ibould produce in different Places 
Millions of Vegetables of the fame Kinds, 
and alike, exaClly, even in the mofl minute 
Particularities; or, what is yet more amaz¬ 
ing, that dead corrupting Manner, and blind 
uncertain Chance fhould create living Ani¬ 
mals, fabricate a Brain, conftitute Nerves 
iffuing from it, compofe a Contrail of Muf- 
cles, furnifh out Eyes, Lungs, a Heart, a 
Stomach, Bowels, and all other Parts ufeful 
to fuch Creatures: and that too not after an 
awkard, flovenly, variable,'undefigning and 
unfinifh’d 
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Tinfinifii’d manner j bat with a Contrivance, 
Dexterity, Elegance, Perfeftion and Con- 
ftancy beyond the utmoft Power of Art to 
imitate. This, however, was the Opinion, 
not only of the Ignorant and Illiterate, but 
of the mod learned grave Philofophers of 
preceaing Ages; and would, probaby, fliil 
have been taught and believed, had not Mi- 
cr of copes difcovered the manner how all thefe 
Things are generated, and reftor’d to God 
the Glory of his own amazing Works 

The Eye, afTifted by a good Microfcope, 
can diftinguilh plainly in the Semen mafculi- 
num of Animals, Myriads of Animalcules 
alive and vigorous, though fo exceedingly 
minute, that, it is computed, three thou- 
fand millions of them are not equal to a 
Grain of Sand, whofe Diameter is but the 
one hundredth Part of an Inch -f : And the 
fame Inftrument will inform us beyond all 
Doubt, that the Farina of Vegetables, are 
nothing elfe but a Congeries of minute 
Granula, whofe Shapes are conftant and 
uniform as the Plants they are taken from. 


J I would as foon fay, that Rocks and Woods engender 
Stags and Elephants, as affirm, that a Piece of Cheefe ge¬ 
nerates Mites. Stags are born and live in Woods, and 
Mites in Cheefe; but they both owe their Being to that of 
other Animals. SpeU. de la Nat. Eng. Edit. 12mo. Vol. II. 

p. II. 

f Vy. Keil’s Jmt. 5thEd!t. p. u6. 
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And as the Seeds of Plants are proved, by 
repeated Experimente, to be unprolific, if 
the t'arince be not permitted to fhed, it has 
been fuppofed, that all its Granula contain 
feminal Plants of their own Kind. 

The Growth of Animals and Vegetables 
feems to be nothing elfe but a gradual Un¬ 
folding and Expanhon of their Veffels, by a 
flow and progreffive Infinuation of Fluids 
adapted to their Diameters; untill, being 
flretch’d to the utmoft Bounds appointed 
them by Providence at their Formation, 
they attain their State of Perfedlion, or, in 
other Words, arrive at their full Growth. 

’Tis thought probable, according to this 
Theory, that, in Animals (of the larger and 
more perfed: Kinds at leaf!) the Semen of 
the Male being received into the Matrix of 
the Female, fome of the Animalcules it con¬ 
tains in fuch Abundance, find an Entrance 
into the Ovaria^ and lodge themfelves in 
Tome of the Ova placed there by Providence 
as a proper Nidus for them. 

An Ovum becoming thus inhabited by an 
Animalcule^ gets loofen’d in due Time from 
its Ovariufn, and paffes into the Matrix 
through one of the Fallopian Tubes. The 
Veins and Arteries that faftened it to the 
Ovary^ and were broken when it dropp’d 
from thence, unite with the Veffels it finds 
here, and compofe the Placenta. The Coats 
gf the Ovum being fwell’d and dilated by 
z the 
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the Juices of the Matrix form the other In¬ 
teguments needful to the Prefcrvation of the 
little Animal, which receiving continually 
a kindly Nouridiment from the fame Juices, 
gradually ftretches and enlarges its Dimen- 
hons, becoming then quickly vifible with all 
the Parts peculiar to its Species, and is called 
a Fcetus. 

In Plants, which are uncapable of re¬ 
moving from Place to Place as Animals can, 
it was requhite a Repolitory for their 
fhould be near at Hand, to prevent its being 
loft : And accordingly we find, that every 
Flower producing a Farina, has likewife in 
itfelf a proper Uterus for the Reception of 
it: Where the Ova thereby impregnated, 
are expanded by the Juices of the Parent 
Plant to a certain Form and Bulk, and then 
becoming what we call ripe Seeds, they fall 
to the Earth, which is the natural Matrix 
for them. 

According to the above Suppofition, a ripe 
Seed failing to the Earth, is in the Condition 
of the Ovum of an Animal getting loofe 
from its Ovary, and falling into the Uterus: 
And, to go on with the Analogy^ the Juices 
of the Earth fwell and expand the Veflels of 
the Seed, as the Juices of the Uterus do 
thofe of the Ovum, till the feminal Leaves 
unfold, and perform the Office of a Placen¬ 
ta to the Infant included Plant, which im¬ 
bibing fuitable and fufficient Moifture, gra- 
L 4 dually 
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dually extends its Parts, fixes its own Root, 
fhoots above the Ground, and may be faid 
to be born. 

As Difcoveries made by the Microfcope, 
of infinite Numbers of Animalcules in the 
Semen Mafculinum of all living Creatures, 
and likewife of a Regularity and Conftancy 
in the Farina of each Species of Vegetables, 
analogous to the faid Animalcules in the Ani¬ 
mal Semen, have been the principal Means 
of convincing us that all Things are pro¬ 
duced by Parents of their own Kind, accord¬ 
ing to the eternal and unalterable Laws efta- 
blifhed at their firft Creation; I hope this 
fhort Account of Generation, before my en¬ 
tering upon thofe Subjeds, will not be judg’d 
improper. 


CHAP. XVI. 

Of the Animalcules in Semine Mafculino. 

AT the Beginning of the Year 1678, Mr. 

Nicholas Hartsoeker, of Rot¬ 
terdam, declared in a Treatife of Dioptrics, 
by him then publifhed, that it was twenty 
Years fince he fiift began to examine the 
Semen Mafculinum of leveral living Crea¬ 
tures by the Help of Migrofcopes; that, as 
Z far 
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far as he knew, he was the firlf Perfon who 
had ever done fo j that he had found in fuch 
Bremen infinite Numbers Animalcules^ moil: 
exceedingly minute, almoif in the Shape of 
Tadpoles or young Frogs; and that he had 
made this Difcovcry known to all the World 
in the 30th of the Rphemerides Eruditorum, 
printed at Paris, in the fame Year 1678. 

Mr. L E E u w E N H o E K, in the 113th 
of his Epiflles, (dated yanuary 1678.) is 
very angry at this Claim and alierts, that he 
himfelf firfl difcovered the Animalcules in 
Semifie, and fent an Account thereof to the 
Royal Society in November 1677, as he 
proves by the Philojophical PranfaBions, 
pubiifhed in December 1677, and in January 
and February 1678 : nay, he further athrms, 
that Letters had pad; between him and Mr. 
Oldenburg on this Subjedt in 1674. 
This Difpute concerns us no farther than as 
it fhews about what Time the Exigence of 
thefe Animalcules was firfl difcovered, which 
fome of my curious Readers may perhaps be 
inquifitive to know. 

The general Appearance or Figure of the 
Animalcules in the Semen Majculinum of 
different Kinds of living Creatures is very 
much the fame ; that is, the Bodies of them 
all feem of an oblong oval Form, with long 
tapering (lender Tails iffuing therefrom ■, 
and as by this Shape they fome what re- 

femble 
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femble 'Tadpoles^ they have frequently been 
called by that Name; tho’ the Tails of them, 
in Proportion to their Bodies, are much longer 
than the Tails of Tadpoles are: and it is ob- 
fervable, that the Animalcules in the Semen 
of Fifhes have Tails much longer and flen- 
dcrer than the Tails of thofe in other Ani¬ 
mals, infomuch that the Extremity of them 
is not to be difcerned without the beft 
Glafles and the utmoft Attention ; their Bo¬ 
dies are alfo much fmaller. 

The general Appearance of them as above 
defcribed, islhewn Plate Xlf. Fig. I. 

In the Spring Seafon, at the Time that 
Frogs engender, upon opening the Tefticles 
of a Male, and applying fome of the feminal 
Matter before the Microfcope, Multitudes 
of Animalcules appeared therein, about * one 
thoufandth Part of the Thicknefs of the Hair 
of a Man’s Head, as nearly as could be com¬ 
puted : whence it follows, that a thoufand 
millions of them would be but equal to a 
Globe whofe Diameter is the Thicknefs 
of the Hairmf a Man’s Head. And there 
feemed to be ten thoufand of them at lead: 
for each one of the female Ova. 

The Shape of them is given in the fame 
Plate, Fig. II. 


* Leeuwenh. Arcan, Nat. Tom. I. P. I. p, 51. 

Upon 
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Upon viewing the Milt or Semen Mafcu- 
Unum of a living Cod-Fifli with a Micro- 
fcope^ fuch Numbers of Animalculei with long 
Ta'ils were found therein, that at leaft ten 
thoufand of them were fuppofed to exift in 
the Quantity of a Grain of Sand. Whence 
Mr. Leeuwenhoek argues, that the Milt 
of that Angle Cod-Fifh contained more living 
Animalcules^ than there are People alive 
upon the Face of the whole Earth at one 
and the fame Time : * for he computes, that 
one hundred Grains of Sand make the Dia¬ 
meter of an Inch; wherefore in a cubic Inch 
there will be a million of fuch Sands. And 
as he found the Milt of the Cod-Fifh to be 
about fifteen cubic Inches, it mufl: contain 
fifteen Millions of Quantities as big as a 
Grain of Sand. Now, if each of thefe Quan¬ 
tities contains ten thoufand Animalcules^ there 
mufi; be in the whole one hundred and fifty 
thoufand Millions. 

Then, to find out, in a probable manner, 
the Number of People living upon the whole 
Earth at one Time; he reckons, that in a 
great Circle there are five thoufand four 
hundred Dutch fquare Miles; whence he cal¬ 
culates the Surface of the Earth to contain 
nine Millions, two hundred feventy fix Thou- 


Arc. Nat. Tom. I. P. II. p. 9. 


land, 
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fand, two hundred and eighteen fuch fquare 
Miles; and fuppofing one Third of the 
Whole, or three Millions, ninety two Thou- 
fand and feventy two Miles to be dry Land j 
and of this, two Thirds, or two Millions, 
fixty one Thoufand, three Hundred and 
eighty two Miles to be inhabited; and fup¬ 
pofing firther, that Holland and Weji-Frief- 
land are twenty-two Miles long and feven 
broad, which make one Hundred and fifty 
four fquare Miles; the habitable Part of the 
World is thirteen Thoufand, three Hundred 
and eighty five times the Bignefs of Holland 
and Weji-Friejland. 

Now, if the People in thefe two Provinces 
be fuppofed a Million ; and if all the other 
inhabited Parts of the World were as po¬ 
pulous as thefe, fwhich is highly impro¬ 
bable) there would be thirteen Thoufand, 
three hundred and eighty five Millions of 
People on the Face of the whole Earth : but 
the Milt of thisCod-Filh contained one hun¬ 
dred and fifty thoufand Millions of Animal¬ 
cules, which is ten times more than the 
Number of all Mankind. 

The Number of thefe Animalcules may be 
computed another Way: for the ingenious 
Author of SpeBacle de la Nature fays that 


Vid. Speff. de la Nat. Eng. izmo Edit. Vol. I. p. 231. 

three 
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three curious People counted, with all the 
Care they were able, as many of the Eggs 
or Row of a female Cod-Fifli as weighed a 
Dram, and agreed pretty well in the Num¬ 
ber, which they wrote down. They then 
weighed the whole Mafs, and fetting down 
eight times the Sum of one Dram for every 
Ounce, which contains eight Drams, all the 
Sums together produced a Total of nine 
Millions, three hundred and thirty four Thou- 
fand Eggs. * 

Nowfuppofing (as Mr. Leeuwenhoek 
does of the Semen Mafculmum of Frogs) that 
there are ten Thoufand Animalcules in the 
Milt for each One of the female Ova in the 
Row, it will follow, that fince the female Row 
is found to have nine Millions, three hundred 
thirty four Thoufand Eggs, the whole Milt 
of the Male may be reckoned to contain 
ninety three thoufand four hundred and 
forty millions of Animalcules : which, tho’ 
greatly fhort of the firft Calculation, is al- 
moft feven times as many as the whole hu¬ 
man Species. 

To find the comparative Size of thefe 
Animalcules, Mr. Leeuwenhoek placed a 


* Four Millions and ninety fix thoufand Eggs were com¬ 
puted in the Row of a Cral^ each of which received its Nou- 
nfhment by a Rope from the Crab's Body. Vid. Arc. Nat. 
Tom. I. P. II. p. 2^0. 
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* Hair of his Head near them, which Haif 
through his Microfcope appear’d an Inch in 
Breadth; and he was fatisfied that at leaft 
Sixty fuch Anhnalcules could eafily lye with¬ 
in that Diameter ; w'hence, their Bodies be¬ 
ing Spherical, it muft follow, i^at two hun¬ 
dred and fixteen Thoufand of them are but 
equal to a Globe whofe Diameter is no 
more than the Breadth of fuch an Hair. 

He obferved, that when the Water where¬ 
with he had diluted the ^emen of a Cod- 
Fifli was exhaled, the little Bodies of the 
Animalcules burft in Pieces, which did not 
happen to thofe in the Semen of a Ram : 
which he imputes to the greater Firmnefs 
and Confiftency of the latter, as the Flelh 
of a Land Animal is more compad: than that 
of a Fidi. He likewife takes Notice, that 
the Tails of thofe in Fifhes are fo extreamly 
flender, that he could never be certain of his 
feeing the very Tips or Extremities of 
them. 

In the Milt of a Jack, at lead: ten 

Thouland Animalcules were difcernable, in a 
Quantity not bigger than a Grain of Sand, 
exadly, in Appearance, like thofe of the Cod- 
Fidt j and upon putting J four times as 
much Water to it, they were perceived to 
become ftronger and brilker, and to fwim 


* Phil. Tranf. Numb. 270. f Arc. Nat. Tom. f. 

Par. II. p. 2. J Phil. Tranf. Numb . . 
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as if in Purfuit of Prey, with greater Ve¬ 
locity ; tho’ (being viewed in a Capillary 
Tube) their whole Courfe was no longer 
than the Diameter of a Hair. 

If you would view the Animalcules in 
the Milt or foft Row of Filhes, fqueeze out 
a little of it, and putting the Quantity of 
a Pin’s Head upon a hngle liinglafs, dilute it 
with Rain or River Water, till the little Crea¬ 
tures have fufficient Room to fwim about 
freely, and f!?ew themfelves to advantage; 
which they can by no means do unlefs it 
be made very thin. Or, after you have 
mixed fome Water with it, apply it to the 
Microfcope in one of your fmalleft capillary 
Tubes; which Way Mr. Leeuwenhoek 
informs us, he found the moft ufeful for the 
Examination of the ^emen of different Crea¬ 
tures. [N. B. * The ^ggs in the Row, and 
Animalcules in the Milt of Fifhes of one 
Year old, are as large as in thofe of the fame 
Species of twenty Years old.] 

Upon opening the Seminal Vejfels of a 
Cock, fqueezing out a fmall Drop of the Se¬ 
men^ and viewing it with a Microfcope^ Le¬ 
gions of Animalcules appeared therein, fwim- 
ming in Crowds together, and eroding one 


* Arc. Nat. Tom. III. p, 188. 

another 
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another with as much Brifknefs and Vigour 
as if the Cock had been but newly dead, tho’ 
it was killed the Day before: And by feve- 
ral Trials on the Semen of other Cocks it has 
been found, that the Animalcules therein 
will live many Hours in a capillary Glafs 
Tube.— To a flight Obferver they feem in 
the Form of Eels; but if the greatefl: Mag¬ 
nifiers be ufed with due Attention, they will 

be found fhaped as Fig. III. Plate XII.- 

Their Size is fo extreamly minute, that a 
•f Million of them are fuppofed not to 
exceed the Bignefs of a Grain of Sand, and 
their Tails cannot be difcerned without much 
Difficulty, being ten thoufand times more 
flender than the Hair of a Man’s Hand. 

A little of the Seminal Matter taken from 
the Tefticle of a Dog, abounded with Ani¬ 
malcules^ a Million whereof would hardly 
equal a large Grain of Sand : and after fome 
of this Matter had been kept feven Days 
in a Glafs Tube, feveral of the Animalcules 
remained alive and vigorous. [Their Form 
is fhewn Fig. IV.J — The Aefticles of a 
Hare, tho’ four Days dead, were alfo exceed¬ 
ingly full of Animalcules like thofe in Dogs, 
fwimming in a clear Liquor, but without 
Motion. 
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Killing a Female Rabbet immediately af¬ 
ter the Coitus, and opening the Uterus there¬ 
of, innumerable Animalcules were found in 
a fmall Drop, taken from the Mouth of the 
Fallopia72 Tube where it opens into the Ma¬ 
trix: but none were difeerned in the Ute¬ 
rus itfelf, or farther along the Tube. They 
had long Tails, and for the moft Part * fix 
tranfparent Globules appeared on the Body 
of each, as in Fig. V. i: tho’ fome had only 
one Globule at the End of the Body, and 
another in the Tail, as Fig. V. 2. 

Examining a Drop of Semen taken from 
the Tefticles of a Ram, it abounded with 
Animalcules in as great Numbers as the fe- 
minal Matter of other Creatures; but with 
this extraordinary -f* Singularity, that Multi¬ 
tudes of them fwam the fame Way together, 


* Arc. Nai. Torn. I. Par. IT. p. i6o. 
f Mr. Leeuwenhoek open’d the Uterus of an Ewe, 
which about feventeen Days before had been coupled with 
a Ram, and in one of the Cornea obferved a little reddijb 
Jlejhy Subjiance wherein no Shape could be diftinguilhed. He 
put this in a Glafs Tube the Thicknefs of a Quill, fill’d with 
Oyl of’Turpentine, and apply’d it to his Microfeope, but could 
make nothing of it in that Manner. Wherefore he took it 
from the Tube, and extending it very gently out of the round 
Figure in which it lay, he perceived extreamly plain the 
Formation of all the Vertebrae, with the Blood-VelTels and 
Ramifications pafling over them, and in two Places could fee 
the Spinal Marrow. He could alfo diftinguifh not only the 
Head, but alfo the Mouth, Brain, and Eyes the Bignefs of 
two Grains of Sand, and clear as GryftaT. He faw like wife! 

M tlie 
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and feemed to have the Inclination of Sheep, 
to follow their Leader and move in Flocks. 
Mr. Leeuwenhoek fays, he found fo 
much Pleafure in obferving this, that he 
called in fome Neighbours to (liare it with 
him. 

Their Form was that of Fig. VI. 

A Buck being killed in Rutting-time, the 

Vafa Deferentia were found turgid with a 
milky Fluid, a Drop whereof, when applied 
to the Microfcope, appeared full of Animal¬ 
cules moving very brifkly. The greateft 
Difficulty was to lay them properly before 
the Microfcope: for when the Matter is too 
thick, nothing can be feen but a confufed 
Motion, and when fpread thin it dries away 
immediately j but by diluting it with warm 
Water, juft enough to change its Colour, 
they were feen diftindlly. 

The human Semen has likewife been view¬ 
ed by the Microfcope, and found no lefs 


the Ribs and Inteftines: though the whole Creature was no 
larger than the eighth Part of a Pea.—-After this he open’d 
the Uterus of another Ewe, but three Days from the Coitus; 
and fearching the Liquor coming from it very diligently with 
a Magnifying Glafs, obferved a little Particle the Size of a 
Grain of Sand; which, examining with an excellent Micro- 
Jafe, he with great Pleafure found to be an exceedingly mi¬ 
nute Lhmb lying round in its Integuments, and could 
plainly difeern its Mouth and Eyes. Vid, Arc. Nat. Tom. I. 
Par. II. pag. 165, & 173. 

J Philofoph. Tranf. Numb, 284. 
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plentifully flocked with Life than that of 
other Animals : for more than ten thoufand 
living Creatures were feen, by Mr. Leeu¬ 
wenhoek, moving in no larger a Quantity 
of the fluid Part thereof than the Bignefs of 
a Grain of Sand ; and in the thicker Part 
they were fo throng’d together, that they 
could not move for one another. Their Size 
was fmaller than the red Globules of the 
Blood, and even lefs than the millionth Part 
of a Grain of Sand. The Bodies of them 
are roundifh, fomewhat flat before, but 
ending (harp behind, with Tails exceedingly 
tranfparent, five or fix times longer, and 
about five times more flender than their Bo¬ 
dies. They move themfelves along by the 
violent Agitation of their Tails, in various 
Bendings, after the Manner that Eels or 
Serpents fwim ; and, fometimes, their Tails 
are moved thus eight or ten times in getting 
forwards the Diameter of a Hair, 

Their Shape and Form is fhewn Fig. VII. 

It is wonderful to confider the Minutenefs 
of thefe little Animals, and particularly the 
amazing Slendernefs of'their Tails : wEich 
mufl, notwithftanding, be furnifh’d with as 
many Joints as the Tails of larger Creatures, 
fince they are able to move them with great 
Agility; and, befldes, every one of thefe 


f Jrcan, Nat. Tom, II. Par. II. p, 6i, 69, 286. 
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Joints muft be provi<ied v/ith its proper Muf- 
cles, Nerves, Arteries and Veins •, and alfo 
with Fluids circulating thro’ them, and 
fupplying them with Nourifliment, Strength, 
and Motion. In fhort, the Mind lofes itfelf 
in contemplating a Minutenefs beyond all 
human Conception; tho’ Reafon tells us, it 
certainly muft be. I remember. Dr. Power 
has a fine Paftage to this Purpofe in the 
Preface to his Experiments. “ It has often 
“ feem’d to me (fays he) an ordinary Pro- 
“ bability, and fomething more than Fancy 
■“ (how paradoxical foever the Conjedure 
“ may feem) to think, that the leaft Bodies 
“ we arc able to fee with our naked Eyes, 
“ are but middle Proportionals, as it were, 
“ betwixt the Greatefi and Smallefl Bodies 
“ in Nature 5 which two Extremes lye e- 
qually beyond the Reach of human Sen- 

‘‘ fation.-For, as one fide they are but 

“ narrow-Souls, and not worthy the Name 
“ of Philojbphers, that think any Body can 
“ be too great, or too ‘vaji in its Dimenfi- 
“ ons : fo likewife are they as inapprehen- 
“ five, and of the fame Litter with the 
“ former, that, on the other fide, think the 
“ Particles of Matter may be too little, or 
“ that Nature is ftinted at an Atom, and 
“ muft have a Non ultra of her Subdivili- 
“ ons.’^’ 


As 
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As the Animalcuki in the ^men Mafciih- 
num of different Creatures are not much un¬ 
like in Shape, it is alfo obfervable, that they 
do not differ in * Bignefs according to the 
Sizes of the Creatures they are taken from i 
but feem, in this Refpedt, analagous to the 
Seeds of Trees and Plants, whofe Size bears 
very little Proportion to the Bignefs of the 
Trees and Plants producing them. The 
Seed of an Apple, for In dance, is fome 
thoufands of times fmaller than a Cocoa- 
Nut, tho’ the Trees they grow on have not 
that Difproportion : And the Seeds of To¬ 
bacco (whereof a thoufand -f* weigh not a- 
bove a fmgle Grain) are lefs beyond Com- 
parifon than many kinds of other Seeds whofe 
Plants are not near fo large as Tobacco is. 
Hence it comes to pafs, that Animalcules 
maybe difcovered in \h& Semen of the fmalleft 
Birds, Quadrupeds and Fidies, nay, and even 
in Infedts too. For Mr. Leeuwenhoek 
affures us, he found a white Matter he had 
fometimes fqueezed from the hinder Parts of 
mafc Spiders, about the bignefs of a Grain 
of Sand, to be indeed their Semen, by difco- 
vering therein prodigious Multitudes of Ani'^ 
malcules, which continued living above five 
Hours, but were fo extremely minute, that 
he fuppofes a thoufand Millions of them 


^ * Arc. Nat. Tom. IV. pag. 30, 'f- Dr. Power’s Expe* 

rim, pag. 30. J Phiiofoph, Tranfaft. Numb. 279. 
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would not equal the Size of a Grain of Millet, 
He found them likewife in the Semen of the 
aDormoufe, in b Oyfters, in c Silkworms, in 
the ^ Lahella minima or fmall Dragon-Fly, 
in the common ^ Fly, in the male f Flea, in 
g Gnats, and in feveral other Infeds : and, 
without doubt, a curious Enquirer will be 
able to difcover them in abundance of Sub- 
jefts yet unexamined ; for Nature is uniform 
in all her Works, and there is good Reafon 
to believe that they certainly exift in all the 
animal Part of the Creation. 

Amongft the many Species of Animalcules 
obferved in Waters and Infufions, there are 
^ none found refcmbling thofe in Semine: 
but the Animalcules in the Semen of all Sorts 
of Creatures hitherto examined have a com¬ 
mon and general Likenefs to one another j 
with this Particularity, that they appear in 
continual Motion, without the lead; Reft or 
Intermiffion, provided the Fluid be fufficient 
for them to fwim about in. 

Many People have imagined, that living 
Creatures might alfo be found in the other 
animal Juices: but after the ftri< 5 teft and 
moft careful Examination, it appears certain, 


a Arc. Nat. Tom. I. Par. II. p. 27. b Ibid. Tom. II. 
Par i. p. 144. c Ibid Par. II. p. 422. d Ibid.Tom. IV. 
p. 19. e Ibid. fibid. p. 20. g Ibid. p. 22. h Ibid. 
Tom. III. p. 294. 

that 
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that nothing with the leafl Token of Life is 
to be difcovered by the bell GlalTes, either in 
the Bloody Spittle, Urine, Gall, Chyle, or 
any of the Humours, except the Semen only. 


CHAP. XVII. 

Animalcules in the Teeth, 

'^^Hough no Animalcules can be found in 
in the Saliva or Spittle, great Numbers, 
of different Kinds, may be difcovered in the 
whitip Matter flicking between the Teeth : 
if it be picked out with a Pin or Needle, 
mixt with a little Rain Water and Spittle 
without Bubbles, and applied before the 
Microfcope. And fometimes they are fo in¬ 
credibly numerous, and fo full of Motion, 
that the whole Mafs appears alive. 

^ The largeft Sort (fhewn Plate XIII. 
Fig. I. N°. I.) move along very fwiftly in 
the Spittle or Water 5 of thefe there are but 
few. 

The fecond Sort are more numerous, and 
have a Motion peculiar to themfelves, as re- 
prefented N°. 2. 


* Vid. Arc. Nat. Tom. IV. p. 40. Again, Tom. IV. 
Epilt. 75. p. 310. 
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The third Port are roundiflt, and fo mi¬ 
nute, that a Grain of coarfe Sand would 
equal a Million of them in Bignefs: they 
move fo fwiftly, and in fuch Multitudes, that 
they feemlike Swarms of Gnats or Flies, and 
the exadl Shape of them is not eafy to be 
diftinguidaed. 

Some or all of thefe three Kinds may be 
found, pretty conftantly, in the Matter taken 
from between the Teeth of Men, Women, 
pr Children; efpecially from between the 
Grinders, even though they wall:! their Teeth 
continually, and clean them with the utmoft 
Care : but from the Teeth of People that are 
more carelefs, the faid Matter aferds ano¬ 
ther Sort of. Animalcules, in the Shape of 
Bels or Worms, as pidluredN®. 4. Thefe 
move themfelves backwards, or forwards, 
with great Bendings of the Body ; and force 
their Way through the minuter Animalcules 
every where around thern, with the fame 
Eafe as a large Butterfly would break through 
a fwarm of Gnats. There are likewife, in 
this Matter from the Teeth, other Sorts of 
Animalcules, whoTe Motions are fo extreme¬ 
ly languid, that without long Attention they 
cannot be diflinguilhed to be alive. 

Ohfervation. They all dye if Vinegar be 
applied to them ; whence it feems reafonable 
to conclude, that wafliing the Teeth and 
Gums with Vinegar may be a Means of pre^ 
ferving them from thefe minute Creatures. 

' ° . C H A P. 
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CHAP. XVIII. 

Of the Itch. 

^T^HE Microfcope has difcovered, what 
without it could fcarce have been ima¬ 
gined, that the Diftemper we call the Itch^ 
is owing to little Infedts under the Cuticula, 
whofe continual Bitings caufe an ouzing of 
Serum from the Cutis, and produce thofe 
Puftules or watry Bladders whereby this Dif- 
eafe is known. This was found out by 
PodlorBoN ON I o, * who obferving that itchy 
People frequently pull out of their fcabbySkin 
little Bladders of Water, with the Point of a 
Pin, and crack them on their Nails like 
Fleas, he determined to examine what thefc 
Bladders might really be. Wherefore pick¬ 
ing put with a fine Needle a little Pufiulc 
from a Place fcabbed over, and where there 
was a fevere Itching, he fqueezed a thin 
Matter from it, and perceived a very fmall 
white Globule fcarcely difcernable, which, 
applying to the Microfeope, he found to be 
a minute Animal, in Shape refemblinga 
Tortoife, of a whitifh Colour, but darker on 
the Back than elfe where, with fome long and 
thick Hairs, ilTuing from it, very nimble in 
its Motion, having fix Legs, a (harp Head, 


* PHt fravfea, Nujnb. 383. 


and 
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and two little Horns j being in Shape as re- 
prefented by the two Pifturcs. Fig, II. a. b. 
Plate XIII. 

This Experiment was repeated on itchy 
Perfons of all Ages, Sexes and Complexions, 
and at all Seafons of the Year, and he con- 
llantly found the fame A?iimalcules in moft 
of the watry Puftules ; and though by rea- 
fon of their Minutenefs and Colour, (which 
is the fame as the Skin) it is difficult to dif- 
cern thefe CreatuffiS on the Surface of the 
Body, yet he fometimes faw them upon thd 
Joints of the Fingers in the little Furrows of 
the Cuticula, t-vhere they firft begin to enter 
with their fharp Head, gnawing and work¬ 
ing in their Bodies, till they are got quite 
under the Cuficula^ where they burrow from 
Place to Place, caufe a troublefome and grie¬ 
vous Itching, and force the infected Perfon to 
fcratch, which only ferves to increafe the 
Malady; fOr, by breaking the little Puftules 
and fome fmail Blood-Veftels*, Scabs, crufty 
Sores, and fUch like foul Symptoms enfue : 
whilft thefe mifchievOus Anitnalcules efcape 
the Nails by their Minutenefs, and difperfe 
themfelves the farlher. 

Frequently obferving thefe 'Animafcutes, 
he perceived one of them drop a little oblong 
W'hite Egg; alnioftf tranfparent, from the 
hinder Parr of its Body : and afterwards he 
faw many of the feme Sort of Eggs; which 
proves them- generated hke other Creatures 

from 
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from a Male and Female, though he was 
never able to diftinguilh the Sex of any he 
examined. 

The Figure of the Egg is fhewn c. 

We may hence account how this Diftem- 
per comes to be fo very catching, fince thele 
Animalcules by fimple Contaft can eafily 
pafs from one Perfon to another, having not 
only a fwift Motion, but clinging to every 
thing they touch, and crawling as well upon 
the Surface of the Body as under the out¬ 
ward Skin: and a few being once lodged, 
they multiply apace by the Eggs they lay. 
The Infection may alfo be propagated in a 
like manner by Sheets, Towels, Handker¬ 
chiefs, or Gloves, ufed by itchy People ; 
fince thefe Animalcules may eafily be har¬ 
boured in fuch things, and will live out of 
the Body two or three Days. 

The Difcovery of thefe Animalcules thews 
the Reafon likewife why this Diftemper is 
never to be cured by internal Medicines: 
but requires lixivial Wadies, Baths, or Oint¬ 
ments, made up with Salts, Sulphurs, Vi¬ 
triols, Mercury, Precipitate, Sublimate, or 
fuch kinds of penetrating and corroding Re¬ 
medies as_ can powerfully kill thefe Vermin 
in the Skin. And if, forhetimes, we find 
the Difeafe returns upon us in a little while 
after we fuppofed it quite cured by Undtion, 
it is no great Wonder j fince, tho’ the Oint- 
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ment may deftroy all the living Animalcules^ 
it may not probably kill their Young Ones 
in the Eggs laid in Neds in the Skin; 
which, coming to hatch, may renew the 
Diftemper. For this Reafon, it is advifable 
to continue the Anointing for fome Days, 
even after the Cure feems perfected. 


CHAP. XIX. 

Of Scales on the Human Skin. 

H E Cuticuldy Scarf-Skin, or outward 
Covering of the Body, is remarkable 
for its Scales and for its 'Pores. 

Its Scales are a Difcovery of the Micro^ 
fcope ; for being fo minute that * two hun¬ 
dred of them may be covered with a Grain 
of Sand, they could never be difcerned by 
the naked Eye. They are placed as on 
Fifhes, -f- three deep; /. e. each Scale is Ib 
far cover’d by two others, that only a third 
Part thereof appears: which lying over one 
another, may be the Caufe why the Skin of 
the Body appears white; for about the 
Mouth and Lips, where they only juft meet 
together, and do not fold over, the Blood- 


* Vid. Arc. Nat. Tom. I. Par. II, p. zo8. Agaiii, 
Tom. IV. p. 46. f Ibid. p. 47. J Ib. p. 51. 

Veftels 
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Veffels are feen through, and the Parts look 
red. The perfpirable Matter is fuppofed to 
ifTue between thefe Scales (which lye over 
the Pores or excretory Veffels through which 
the watry and oily Humours perfpire) and 
may find Vent in an hundred Places round 
the Edges of each Scale *: fo that if a Grain 
of Sand can cover two hundred Scales, it 
will be able to cover twenty thoufand Places 
where Perfpiratioa may ifiue forth. 

A Piece of Skin taken from between the 
Fingers, from the Forehead, Neck, Arms, 
or any other foft Part of the Body, which 
is not hairy, ferves beft to Ihew the Scales j 
for where the Skin is callous, they are glew- 
ed as it were together. 

They are generally of five Sides, as in the 
Picture, Fig. III. a. 

Their Difpofition on the Skin is fhewn 
Fig. III. b. 

If they are fcraped off with a Pen-knife, 
put into a Drop of Water, and fo applied 
to the Microfcope, they will be feen to good 
Advantage. 


* Arcan.Nat. Tom. IV. p. 48. 
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CHAP. XX. 

^'he Pores of the Skin. 

T^VERY Part of the human Skin is full 
^ of excretory Du£is or Pores, which emit 
fuperfluous Humours, continually, from the 
Mafs of the circulating Fluid. 

In order to view the Pores, cut a Slice of 
the upper Skin with a fliarp Razor as thin 
as poffible: then immediately cut a fecond 
Slice from the fame Place, which apply to 
the Microfcope, and in a piece not larger 
than a J Grain of Sand can cover, innumera¬ 
ble Por^’5 will be perceived, as plainly as little 
Holes prick’d by a fine Needle may be 
difeern’d if it be held up againft the Sun. 
The Scales of the outer Skin prevent any 
diftindt View of the Pores, unlefs they are 
ferap’d away with a Penknife, or cut off in 
the above Manner; but if a piece of the 
Skin between the Fingers, or in the Palms 
of the Hands, be fo prepared, and then ex¬ 
amin’d, the Light will be feen very pleafant- 
ly through the Pores. 

Mr. Leeuwenhoek endeavours to give 
fome flight Notion of the incredible Num- 


Arcan. Nat. Tom. III. p. 409. 412,■ 


ber 
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ber of Pores in a human Body. He -I- fup- 
pofes there are one hundred and twenty fuch 
Pores in a Line one tenth of an Inch long; 
however, to keep within compafs, he reckons 
only one hundred. An Inch in length will 
then contain a thoufand in a Row, and a 
Foot twelve thoufand. According to this 
Computation, a Foot fquare muft have in 
it an hundred and forty four Millions : and 
fuppofing the Superficies of a middle fized 
Man to be fourteen Feet fquare, there will 
be in his Skin two thoufand and fixteen 
Millions of Pores. 

To acquire fome clearer Idea fiill of this 
prodigious I^^umber of Pores by our Con¬ 
ception of Time ; let us reckon with * 
Mersennus, that each Hour confifts of 
fixty Minutes, and each Minute of fixty 
Seconds, or fixty Pulfations of an Artery : 
in one Hour there will then be three Thou¬ 
fand and fix hundred Pulfes; in twenty-four 
Hours eighty-fix thoufand and four Hundred; 
and in a{^.year thirty-one Millions five hun¬ 
dred and thirty-fix Thoufand. But there 
are about fixty-four tin*es as many Pores 
in the Surface of a Man’s Skin, and there¬ 
fore he muft live fixty-four Years, e’er he 
will have had a Pulfation for every Pore in 
his Skin. 


+ Arcan. Nat. Tom. III. p. 413, 

p. 413. 
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Dr. Nathaniel Grew obferves, that 
the * Pores through which we perfpire are 
more particularly remarkable in the Hands 
and Feet j for if the Hand be well waflied 
with Soap, and examined with but an indif¬ 
ferent Glafs, in the Palm, or upon the Ends 
hnd firft Joints of the Thumb and Fingers, 
innumerable little Ridges parallel to each 
other, of equal Bignefs and Dillance will be 
found. Upon which Ridges the Pores may 
be perceived by a very good Eye, lying in 
Rows, even without a Glafs: but, viewed 
through a good Glafs, every Pore feems like 
a little Fountain, with the Swtat handing 
therein as clear as Rock-Water; and, if 
wiped away, it will be found immediately 
to fpring up again. 

When we conlider the Multitude of Ori¬ 
fices all over the Skin, it is reafonable to 
imagine, that minute Animals, as Fleas, 
Lice, Gnats, &c. do not with their (lender 
Inhruments make new Perforations, but 
rather thruft or infinuate them into thf Vef- 
fels of the Skin, and fuck out the Blood or 
what other Humour is their proper Aliment. 


-J-Philotoph. Tranfaftions, Numb. 159. 
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CHAP. XXI. 

Of the Louse. 


Loufe has fo tranfparent a Shell 
or Skin, that we are able to difcover 
more of what pafles within its Body, than 
in moft other living Creatures; which ren¬ 
ders it a delightful Objedl for the Micro- 
fcope. 

It has naturally three -I* Divilions, viz. 
The Head, the Bread:, and the Belly or Tail- 

part.-In the Head appear two fine black 

Eyes, with a Horn that has five Joints, and 
is furrounded with Hairs, ftanding before 
each Eye ; from the End of the Nofe or 
Snout there is a pointed projecting Part, ferv- 
ing for a Sheath or Cafe to a Sucker, or 
Piercer, which the Creature thrufts into the 
Skin, to draw out the Blood or Humours 
it feeds on, as it has no Mouth that opens. 
This Piercer or Sucker is judged to be * 
feven hundred times flenderer than a Hair ; 
is contained in another Cafe within the firfi, 
and can be thru ft out or drawn in at Plea- 
fure. 

The Bread; is marked very prettily in the 
Middle, the Skin thereof tranfparent, and 


■Wide SwAMMERDAM Hift. Gcncr.dcs lnfe£tes. p. 174. 

* Vide Arc. Nat. Tom. 11 . p. 74. 

N full 
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full of little Pits. From the under Part of 
it proceed fix Legs, each having five Joints, 
their Skin refembling Shagreen, except to¬ 
wards the Ends, where it appears fmoother. 
Each Leg terminates in two hooked Claws 
of unequal Length and Size, which it ufes 
as we would a Thumb and middle Finger. 
There are ■f Hairs between thefe Claws, as 
well as over all the Legs. 

On the Back of the Tail-part we may dif- 
cern fome ^ Ring-like Divifions, abundance 
of Hairs, and a fort of Marks that look like 
the Strokes of a Rod on one that has been 
whipt. The Skin of the Belly feems like 
Shagreen, and towards the lower End is 
clear and full of little Pits ; at the Extre¬ 
mity of the Tail are two little femicircular 
Parts, covered all over with Hairs, which 
ferve to conceal the Anus. 

When the Lou/e moves its Legs, the Mo¬ 
tion of the Mufcles (which all unite in an 
oblong dark Spot in the Middle of its Bread;) 
may be diftinguilhed perfedlly: and ib may 
the Motion of the Mufcles in the Head 
be, when it moves its Horns. The Motion 
of the Mufcles is alfo vifible in the feveral 
Articulations of the Legs. We may like- 
wife fee the various Ramifications of the 


f /^/i/ifSWAMMERD. p. 17;. 

P'/We Philofoph. Tranf. Numb. 102. 
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Vains and Arteries (which are white) with 
the Pulfe regularly beating in the Arteries. 
But the moft furprifing of all is the periflal- 
tie Motion of the Inteftines, continued from 
the Stomach along all the Guts down to the 
Anus. 

If a Loufe^ when very hungry, be placed 
on the Back of the Hand, it will thruft 
its Sucker into the Skin, and the Blood may 
be feen paffing in a fine Stream to the Fore- 
Part of the Head ; where, falling into a 
roundilh Cavity, it pafiTes again, in a like 
Stream, to another circular Receptacle in the 
Middle of the Head ; from thence through 
a fmaller Velfel to the Bread:; and then to 
a Gut that reaches to the hinder Part of 
the Body, where in a Curve it turns a little 

upwards.-- In the Bread; and Gut the 

Blood is without Intermiffion moved with 
great Force, efpecially in the Gut, and that 
with fuch a drong Propulfion downwards and 
fuch a Contradtion of the Gut as is amazing: 
which continual and flrong Adtion of the 
Stomach and Bowels upon the Food of this 
Creature, to further its Digediion, is worthy 

to be confider’d,-In the upper Part of 

the crooked afcending Gut juft mentioned, 
the propelled Blood ftands ftill, and feems 
to undergo a Separation: fome of it be¬ 
coming clear and waterifh, while certain 
N 2 little 
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little black Particles pafs downwards to the 
Anus -f. 

If a Loufe be placed on its Back two 
bloody darkifh Spots appear ; the larger in 
the Middle of the Body, and the lelTer to¬ 
wards the Tail. In the larger Spot a white 
Film or Bladder contradls and dilates up¬ 
wards and downwards from the Head to¬ 
wards the Tail j the Pulfe of which is fol¬ 
lowed by a Pulfe of the dark bloody Spot, 
in or over which the white Bladder feems to 
This Motion of Syftole and Diaftole, 
is leen bell when the Loufe grows weak. 
The white pulfing Bladder feems to be the 
Heart, for on pricking it the Loufe inftant- 
ly dies. In a large Loufe the Pulfation may 
be feen in the Back, but the white Film not 
without turning the Belly upwards. The 
lower darkifh Spot Dr. Harvey conjedur’d 
to be the Excrements in the Guts. 

Lice are not Hermaphrodites^ as has er- 
roneoufly been imagined, but Male and 
Female. Mr. Leeuwenhoek difcover’d 
that the Males have f Stings in their Tails, 
but the Females none: and fuppofes the 
fmarting Pain they fometimes give arifes from 
their Stinging, when made uneafy by Pref- 

-j- id. Philofoph. Tranfaft. N °. i o 2. 

* Vide Dr. Power’s Obferv. 9. 

J Arc, Nat, Tom, II- p. 77. 

fure 
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fure or otherwife j fince, if roughly handled, 
they may be feen to thrufl: out their Stings; 
and as he felt little Pain or Uneafinefs from 
the Sucker or Piercer, tho’ feven or eight 
were feeding on his Hand at once. The 
Females lay Eggs or Nitts, whence young 
Lice come forth, perfect in all their Mem¬ 
bers, and undergo no farther Change but 
an Increafe of Size. 

Mr. Leeuwenhoek being defirous to 
learn the Proportion and Time of their In¬ 
creafe, put two* Females into a blackStock- 
ing, which he wore both Night and Day; 
and found that in lix Days one of them had 
laid fifty Eggs, and upon difiedting it faw as 
many more in the Ovary; whence he con¬ 
cludes, that in twelve Days it would have 
laid an hundred Eggs. Thefe Eggs hatch¬ 
ing in fix Days (which he found to be their 
natural Time) would probably produce fifty 
Males and as many Females: and thefe Fe¬ 
males coming to full Growth in eighteen 
Days, might each of them be fuppofed, af¬ 
ter twelve Days more, to lay alfoan hundred 
Eggs ; which Eggs in fix Days farther (the 
Time required to hatch them) might pro¬ 
duce a young Brood of five Thoufand-f*. 
So that, in eight Weeks, a Loufe may fee 
five thoufand of its own Defendants j an 


» Ibid. p. 78. 

f Arcan. Nat. Tom. I. p.78. 
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Increafc haraly credible, were it not proved 
by Experience. 

A Loufe may be difTedled eafily in a fmall 
Drop of Water, upon a Slip of Glafs that 
can be apply’d to the Microfcope ; but with¬ 
out Water the Parts are very difficult to di¬ 
vide, and when feparated ffirivel and dry up 
immediately. Thus, five or fix Eggs of a 
full Size and ready to be laid may be found 
in the Ovary of a Female, with fixty or 
feventy of different Sizes, but all much more 
minute, as the Eggs are in the Ovary of a 
Hen. In the Male the Penis is remarkable, 
and alfo the Teftes, whereof it has a 
double Pair; the Sting likewife deferves a 
curious Examination. Thefe Creatures avoid 
the Light as much as poffible, and are im¬ 
patient of Cold. The Females if falling 
appear very white, and even after feeding 
feem lefs red than the Males, the Blood not 
appearing fo plainly through their Veffels, 
from the Multitude of their Eggs. 

The Pidure of the common Loufe is given 
Plate XIII. Fig. IV. 

Its Piercer or Sucker is fhewn by a. 

The Sting of the Male by b. 

There’s another Kind of Loufe, found 
about uncleanly People, which from its 
Shape is called the Crab-Loufe. The Ver¬ 
min adhering to and feeding on the Bo¬ 
dies of different Animals, though much un- 
2 like 
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like in Form and Size, are alfo commonly 
called Lice. Of thefe there are numberkfs 
Species, feveral whereof we are obliged to 
Seignior Redi for giving us the Draw¬ 
ings of, at the End of his Treatife de Gene- 
ratione InfeBorum, whence Mr. Alb in 
has taken them into his Book of Spiders : but 
few of thefe have been fufficiently examined 
by the Microfcope^ and there are great Va¬ 
rieties of other Kinds that are yet quite un¬ 
known. 

Even Infeds are infeded with Vermin that 
feed on them and torment them. A Sort of 
Beetle known by the Name of the Loufy 
Beetle^ is remarkable for Numbers of little 
Creatures that run about it nimbly from 
Place to Place, but will not be fhaken ofF. 
Some other Beetles have Lice alfo, but of 
different Kinds. 

The Earwig is troubled frequently with 
minute Infeds, efpecially juft under the fet- 
ting on its Head. They are white and ftiin- 
ing like Mites, but much fmaller: they are 
round-backed, flat-belly’d, and have long 
Legs, particularly the two foremoft. The fame 
has not been obferved on any other Animal. 

Snails of all Kinds, but chiefly the large 
ones without Shells, have many little Infeds, 
extreamly nimble, that live and feed upon 
them. 

Numbers of little red Lice., with a very 
fmall Head, and in Shape refembling a Tor- 
N 4 toife, 
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toife, are often to be feen about the Legs of 
Spiders. Whilft the Spider lives they cling 
clofely to it, but if it dies they leave it. 

Whitifli Lice are frequently to be difco- 
vered running very nimbly on Humble-Bees; 
I have feen them frequently on Ants : many 
Kinds are difcoverable on Fiibes j K i r c h e 
fays, he has found Lice on Fleas j and, pro¬ 
bably, very few Creatures are free from them. 

As fome may be defirous to know what 
Kinds of * Seignior Redi has ob- 
ferved and given Drawings of, the following 
Lift is inferted to latisfy their Curiofity. 
Lice found on the Hawk three Sorts: on 
the large Pigeon, the Turtle-Dove, the Hen, 
the Starling, the Crane. On the Moor-Hen 
three Sorts. On the Magpye, the Heron, 
the lefter Heron, the Swan, the Turkifli Duck, 
the Sea-Mew, the fmaller Swan : on the 
wild Goofe two Sorts: on the Teal, the 
Kaftrel, the Peacock, the white Peacock, 
the Capon, the Crow, the white Starling : on 
Sweet-meats and Drugs; on Men, two Sorts^ 
niiz. the common Loufe and the Crab- 
Loufe: on the Goat, the Camel, the -f* Afs, 
the African Ram, the African Hen i on the 
Stag two Sorts, and on the J Tiger. 

CHAP. 

* Redi calls the Vermin on Beafts or thofe 

on Birds Pulices or Fleas. He fays every Kind of Bird has its 
particular Sort of Fleas, different from thofe of other Birds; 
That all when firll: hatch’d are white, but gradually acquire 
a Colour like the Feathers they live among : yet remain 
tranfparent 
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CHAP. XXII. 

Of the Wood-Loufe. 

^"'HERE’S a little Animal, in Shape and 
Colour like a Loufe, that runs fwiftly 
by Starts or Stops, and is commonly found 
on the Leaves and Covers of Books, or a- 
mongft rotten Wood: ’tis called a Wood- 
Loufe or Wood-Mite, and is known almoft 
to every Body. The Eyes of this Creature 
are of a golden Colour, and can be drawn in 
or thruft out at Pleafurej the periftaltic 
Motion of the Bowels appears in it diftindt- 
ly, and what is ft ill more wonderful, a Mo¬ 
tion of the Brain is feen. 

I take this to be the Animal Mr. Derh am 
calls the Pediculus pulfatorius or Death- 
Watch, (in Phil. Lranfadi. Numb. 291.) 
where he fays, the Pediculus Pulfatorius, 
and the Scarahaeus fonicephalus are the only 
two Infedts that make regular clicking Noifes 
like the Beat of a Pocket Watch. 

tranfparent enough for a good Micro/cope to difcover the Mo¬ 
tions of their Inteftines: That the Crane has a white Sort, 
mark’d as it were with Arabic Charafters: and that their 
Size is not proportioned to the Birds they breed upon, for the 
little Black-bird has Fleas as large as the Swan. 

-f- Aristotle inhK Hijiory of Animals, , on 

his Authority, afferts, that A[feszxA Sheep are free from Ver^ 
jnin : but Redi proves they are both miftaken as to the Afs ; 
and as to Sheep every Shepherd Boy is able to confute them. 

J The Loufe of the Lion refembles that of the Tiger in 
Shape, but is larger, and of a brighter red. Vid. Redi 
Experim. cirea Gener. Infell. pag. 31 a. & feq. 

^ CHAP. 
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CHAP. XXIII. 

0 /' M I T E S. 

TlY Mites are commonly underftood the 
■ minute Creatures found in great Abun¬ 
dance on Cheefe that is decaying. To the 
naked Eye they appear like moving Par¬ 
ticles of Duft; but the Microfcope discovers 
them to be Animals, perfed; in all their 
Members, having as regular a Figure, and 
performing all the neceflary Offices of Life, 
in as orderly a Manner, as Creatures that ex¬ 
ceed them many Millions of times in Bulk. 

They are cruftaceous * Animals, and 
ufually tranfparent. The principal Parts of 
them are, the Head, the Neck, and Body. 
The Head is fmall in Proportion to the Body, 
with a fharp Snout, and a Mouth that opens 
and fhuts like a Mole’s. They have two 
little Eyes, and are extremely quick-lighted ^ 
for if you touch them once with a Pin or 
other Inftrument, you’ll perceive how rea¬ 
dily they avoid a fecond Touch. Some have 
fix Legs, and others eight; which proves 
them of different Sorts, tho’ in every Refped 
befides they appear alike. Each Leg has fix 
Joints, furrounded with Hairs, and two little 


* Vid. Power’s Obferv. Hook’s Microgr, p, 214. 

Claws 
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Claws at the Extremity thereof, which can 
eafily take up any Thing. The hinder Part 
of the Body is plump and bulky, and ends in 
an oval Form, with a few exceeding long Hairs 
ilTuing therefrom. Other Parts of the Body 
and Head are alfo thinly befet with long 
Hairs, 

Thefe Creatures are Male and Female. 
The Female lays Eggs; whence (as in Lice 
and Spiders) the young ones ilTue forth with 
all their Members perfedl, though mod: ex¬ 
ceedingly minute: but, notwithftanding their 
Shape does not alter, they call their Skins 
feveral times before they attain their full 
Growth. 

They may be kept alive many Months 
between two concave Glaffes, and applied to 
the Microfeope at Pleafure, and by often 
looking at them many curious Particulars 
will be difeovered. They may thus frequent¬ 
ly be feen 'f- m coitu^ conjoined Tail to Tail; 
for though the Penis of the Male be in the 
Middle of the Belly, it turns backwards like 
that of the Rhinoceros. The Coitus is per¬ 
form’d with an incredibly fwift Motion. 
Their Eggs, in warm Weather, hatch in 
twelve or fourteen Days ; but in Winter¬ 
time and cold Weather not under feveral 


t Vid. Arc. Nat, Tom. JV. p. 360. 

Weeks. 
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Weeks. ’Tis not uncommon to fee the 
young Ones ftmggling to get clear of the 
Egg-fliell, which fometimes they are a Day 
about. 

The Diameter of a Egg feems equal - 
to the t Diameter of the Hair of a Man’s 
Head; and fix hundred fuch Hairs are a- 
bout equal to the Length of an Inch. Sup- 
pofing, then, a Pigeons Egg is three quarters 
of an Inch in Diameter : four hundred and 
fifty Diameters of a Mites Egg are but equal 
to the Diameter of the Egg of a Pigeon: 
and, confequently, if their Figures he alike, 
we mull conclude, that ninety one Millions, 
an hundred and twenty Thoufand Eggs of a 
Mite are not larger than one Pigeons Egg. 

Mites are moft voracious Animals; for 
they devour not only Cheefe, but like wife all 
Sorts of dryed Fifh or Flefii, dryed Fruits, 
Grain of all Sorts, and almoll; every Thing 
befide that has a certain Degree of Moifiure 
without being over wet: nay, they may often 
be obferved preying upon one another. In 
eating they thruft one Jaw forewards and the 
other backwards alternately, whereby they 
appear to grind their Food ; and after they 
have done feeding, they feem to munch and 
chew the Cud. 


J Vid. Philofoph. Tranfaftions, Numb, 333, & 284. 

Thefe 
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Thefe are the Vermin that find a Way 
into the Cabinets of the Curious, and eat up 
their fine Butterflies and other choice TnfeBs^ 
leaving nothing in their ftead but Duft and 
Ruins. The only Way of preventing this, 
is, to keep the Drawers or Boxes continually 
fupply’d with Cafnphire, whofe hot and dry 
Effluvia penetrate, fhrivel up, and deftroy 
the tender Bodies of thefe little mifchievous 
Plunderers. 

It mull: however be remembered, that 
there are feveral species of Mites, which 
differ in fbme Particulars, though their ge¬ 
neral Figure and the Nature of them be the 
fame. For Inflance, * the Mites in Malt- 
Duft and Oatmeal-Duft are nimbler than 
Cheefe-Mites, and have more and longer 
Hairs. The Mites among Figs refemble 
Scarabs, have two Feelers at the Snout, and 
two very long Horns over them, with three 
Legs only on each Side, and are more flug^ 
gifh than tbofe in Malt. Mr. L e e u w^ e n - 
H o E K obferved fome Mites on Figs to have 
longer Hairs than he had feen on any other 
Sorts} and upon Examination found thofe 
Hairs were fpicated, or had other little Hairs 
iffuing from their Sides : Vv^hence he ima¬ 
gin’d they might be jointed at the little Dif- 
tances where thefe Hairs came forth. He 


Vkl. Power’s Obfery, p, 20. 


had 
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had alfo feen the like Hairs on other Miies^ 
tho’ very feldom. Mr. Hook defcribes a 
Sort of thefe Animals, which he terms 'f- 
wandring Mites^ as being to be found in 
every Place almoft where they can get Food. 

Happening, fome Years ago, to look into 
an empty white Gallipot, I fancy’d it was 
duftyj but, on a nearer View, perceiving 
the Particles to move, I examin’d them by 
the Microfcope, and difcovered what I had 
taken for Duft to be Swarms of thefe wan¬ 
dring Mites, which were tempted and brought 
thither by the Smell of fome Caviere, that 
had been in the Gallipot a few Days before. 

The Mite is exceedingly tenacious of Life j 
I have kept them in my Glaffes Months to¬ 
gether, even without Food j and Mr. Leeu¬ 
wenhoek fays, one he ftuck upon a Pin 
before his Microfcope J lived in that Condi¬ 
tion eleven Weeks. 

The Pi( 3 ;ure of the Mite is fhewn Plate 
XIIL Fig. V. 

One of its Eggs appears juft by, at a. 


Hook’s Microgr. p. 205- 
j Vid. Arc. Nat. Tom. IV. p. 363. 


CHAP. 
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CHAP. XXIV. 

Of the Flea. 

T his well-known little Creature is 

vered all over with black hard fhelly 
Scales, Plates, or Divifions, curioully jointed, 
and folded over one another, in fuch a Man¬ 
ner, as to comply with all the nimble Mo¬ 
tions and Aftivity of the Animal. The Scales 
are curioully polilhed, and befet about the 
Edges with long Spikes, in the mod: beauti¬ 
ful and regular Order poffible. It’s Neck is 
finely arch’d, and much refembles the Form 
of a Lobfter’s Tail. The Head is very ex¬ 
traordinary j for from the Snout-Part there¬ 
of proceed its two Fore-Legs, and between 
them lies the Piercer or Sucker wherewith it 
penetrates the Skin of other living Creatures, 
and draws out its Food. It has two large 
beautiful black Eyes, and a Pair of little 
Horns or Feelers. Four other Legs are join’d 
on at the Bread:, fo that it has dx in all; 
which, when it leaps, fold fhort one with¬ 
in another, and exerting their Spring all at 
the fame Indant, carry the Creature to a fur- 
prifing Diftance. The Legs have many 
Joints, are very hairy, and terminate in two 
long fharp hooked Claws, as may be feen 
Fig. VI. Plate XIII. 


The 
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The Fleams, Piercer or Sucker is lodged be¬ 
tween its Fore-Legs, and includes a Couple 
of Darts or Lancets, which, after the Piercer 
has made an ^ Entrance, are probably thruft 
farther into the Flefh, to make the Blood 
flow from the adjacent Parts, that it may be 
fucked up j and feems to occafion that round 
fed Spot, with a Hole in the Centre of it, 
which we commonly call a Flea-Bite. This 
Piercer, its Sheath opening fldeways, and 
the two Lancets within it are very difficult to 
be feen, J unlefs the two Fore-Legs, be¬ 
tween which they ufually are folded in and 
concealed from View, be cut off clofe to the 
Head : for a Flea rarely puts out its Piercer 
except at the Time of feeding, but on the 
contrary keeps it clofely folded inwards: the 
beft Way therefore of coming at it is, by 
cutting the Head off firft, and then the Fore- 
Legs j fince, in the Agonies of Death, it may 
eafily be managed, and brought before the 
Microfcope. 

Fleas are Male and Female, and lay Eggs 
as well as Lice and Mites j but are extream- 
ly different in all the Progrefs of their Lives 
befides, pafling through the fame Changes ex- 
adtly as the Silkworm does. They depofite their 
Eggs at the Roots of the Hair of Cats, Dogs, 


* Vid. Arc, Nat. deteft. Tom. IV. p. 22. 
J Ibid. p-'332. Phil. Tranfaft. Numb. 249. 


and 
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and other Animals, IHcking them faft there¬ 
to by a kind of glutinous Moifture. When 
the Eggs hatch, not perfed: Fleas, but little 
Worms or Maggots, whofe Bodies have fe- 
veral annular Divifions thinly cover’d with 
long Hairs, come out of them, and feed on 
the Juices of the Body, whereto they clofe- 
ly adhere *. Thefe Maggots are very brifk 
and nimble, but if touch’d, or under any 
Fear, roll themfelves up on a fudden in a 
round Figure, and continue motionlefs for 
fome Time; after which they llowly open 
themfelves, and crawl away, as Caterpillars 
do, with a lively and fwift Motion. 

When the Time of their Change ap¬ 
proaches, they conceal themfelves as much 
as poffible j eat nothing, lie quiet, and feem 
as if dying : but if viewed with the Micro- 
fcope, will be found, with the Silk or Web 
that comes out of their Mouth, weaving a 
Covering or Bag round them, whofe Infide 
is as yhite as Paper, though without it al¬ 
ways 'appears foil’d with Dirt. In this Bag 
they put on the Chryfalls or Aurelia Form, 
and become Milk-white: but two or three 
Days before they break from this Prifon, 
their Colour darkens, they acquire Firm- 
nefs and Strength, and as foon as they ilfue 
from the Bag are perJeSl Fleas, and able to 
leap away. 


* Phil. Tranfaft. Numb. 249, 

o 


It 



194 Of the Flea. 

It has been difcovered, by putting the 
Fggs of Fleas in a fmall Glafs Tube, and 
keeping it conftantly warm in one’s Bofom, 
that, in the Midft of Summer, they hatch 
in four Days: then, feeding the Maggots 
with dead Flies, which they fuck greedily, 
in eleven Days they come to the full Perfec¬ 
tion of their reptile State: when the Maggot 
fpins its Bag, and in four Days more changes 
into a Chryfalls'y after Ij^ing in which Con¬ 
dition nine Days, it becomes a perfeSi Flea. 
It is then immediately capable of Coition, 
and in three or four Days lays Eggs. So 
that in * twenty-eight Days a Flea ‘may 
come from the Eggitfelf, and propagate its 
Kind ; and their vaft Increafe will not feem 
fo great a Wonder, if we confider, that 
from March to November there may be feven 
or eight Generations of them. After having 
laid their Eggs they foon die, as all Creatures 
do that undergo fuch like Changes. 

By keeping Fleas m a Glafs Tube corked 
at both Ends, but fo as to admit frelh Air, 
their feveral Adticns may be obferved, and 
particularly their Way of coupling, which is 
performed Tail to Tail, the Female (which 
is much the larger) {landing over the Male. 
They will alfo be feen to lay their Eggs, not 
all at once, but ten or twelve in a Day for 


Fid. Arc. Nat. Tom. IV. p. 325. 


feveral 
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feveral Days fucceflively j which Eggs hatch 
in the fame Order. 

A Diffedtion of the Flea may be effeded 
after the fame Method as that of the Loujf 
that is, in Water ; the ^ Stomach and 
Bowels, with their periftaltic Motion may 
plainly be diftinguiflied, and alfothe “j- Teftes 
and Penis, together with Veins and Arteries 
minute beyond Coneeption. Leeuwen¬ 
hoek affirms, that he has likewife difcover’d 
innumerable Animalcules fhaped like Ser¬ 
pents in the Semen mafculinum of a Flea. 

Two Things in this Creature deferve our 
Confideration, to wit, its furprizing Agility, 
and its prodigious Strength, whereby it is 
enabled to leap above an hundred times its 
own Tength : as has been proved by Expe¬ 
riments. What vigorous Mufcles! what a 
Springinefs of Fibres muft here be ! and how 
weak and iluggifh, in Proportion to its own 
Bulk, is the Horfe, the Camel, or the Ele¬ 
phant, if compared with this puny Infed! 

A Flea’s Egg is fhewn Plate XIII. Fio;. 
VI. I. 

The Worm or Maggot proceeding from it 
Fig. VI. 2. 


* ru. Arc. Nat. Tom, IV. p 20. 
t Again, pag. 335. 
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CHAP. XXV. 

O/* Spide RS. 

E V E RY Body is fo well acquainted with 
the general Form of a Spider^ even 
without the Afliftance of a Microfcope, that 
I fliall fpend no Time in the Defcription of 
it : but proceed to give an Account of fome 
Particulars in this Animal, which are difco- 
verable only by that Inftrument. 

As a Fly (the Spiders natural Prey) is 
extreamly cautious and nimble, and comes 
ufually from above, it was neceffary the 
Spider fhould be furnilhed with a quick 
Sight, and an Ability of looking upwards, 
forwards, and hdev^^ays at the fame time : 
and the Micro]cope fhews, that the Num¬ 
ber, Structure, and Difpofition of its Eyes 
are wonderfully adapted to ferve all thefe 
Purpofes. 

Moft Spiders have eight * Eyes : two on 
the top of the Head or Body (for there is 
no Divifion between them, a Spider having 
no Neck) that look diredtly upwards; two 
others in Front, a little below thefe, to dif- 
cover all that paffes forwards : and on each 
fide a couple more, one whereof points lide- 


* J\r. B. Spiders Eyes are not pearled. 


ways 



Of Spiders. 197 

ways forward, and the other Tideways back¬ 
ward : fo that it can fee almoft quite round 
it. All Kinds of them have not indeed a 
like Number of Eyes, for we find ten in 
fome, in others only eight, fix, or foiirj and in 
the Fields Long-Legs^ ov Shepherd-Spider, no 
more than two. But whatever the Number 
be, they are immoveable, and tranfparent: 
are fituated in a moft curious Manner, and 
deferve the flriitefl: Examination. The bcfl 
Way of viewing them is, to cut off the Legs 
and Tail, and bring only the Head-part be- 
ibre the Microfcope. 

All Spiders have eight Legs, which they 
employ in walking, and two Arms or fhort- 
er Legs near the Mouth, that affifl in taking 
their Prey. They appear thickly befet with 
Hairs, have each fix Joints, and end with 
two hooked Claws, ferrated, or having Teeth 
like a Saw on their Infide, whereby they 
cling faft to any thing j and at a little Dif- 
ffance from thefe Clav/s a fort of Spur Hands 
out, without any Teeth at all. See Fig. VII. 
Plate XIII. 

But the dreadful Weapons wherewith the 
Spider feizes and kills its Prey are a Pair of 
fharp crooked Claws or Forceps, (by fome, 
tho’ very improperly, called Stings) in the 
Fofe-part of its Head. The Scolopendra, 
or Indian Millepedes, and feveral other In¬ 
fects have Weapons of the like Form, and 
O 3 ferving 
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ferving to the fame Purpofe. Thefe Claws 
or Pincers ftand horizontally j and are, when 
not made nfe of, concealed in two Cafes 
contrived for their Reception: into which 
they fold like a Clafp-knife, and there lye 
between two Rows of Teeth, that are like- 
wife employ’d to hold fall its Prey. This 
Apparatus is better fhewn than defcribed ; 
See Fig. VIIL 

Mr. Leeuwenhoek informs us, f that 
each of thefe Claws or Pincers has a fmall 
Aperture or Slit near its Point, as in a Viper^s 
Tooth: through which he fuppcifes a poi- 
fonous Juice is injedfed into the Wound it 
makes, occafioning Death to Flies and other 
Infedts. But Dr. Mead, in his moftexcellent 
EJfay on Poijbns, believes this to be a great 
Miftakej having not been able to difcern any 
Exit or Opening, though he viewed thefe 
Parts feveral times with a very good Micro- 
Jcope, And he was the more confirmed in 
this Opinion, by examining a Claw of the 
great American Spider^ defcribed by Pi so, 
and called Nhamdu, given him by Mr. Pe- 
TivER : which being above fifty times big¬ 
ger than that of any European Spider, if 
there had been any Slit in it, he doubted 
not his Glafs would have difcover’d it; but 
yet he found it to be quite folid. Befides, 


p. 319. 

“ after 


f Viii. Arc. Nat. Tom. 11 . Part II. 



Of Spiders, igg 

“ after repeated Trials he plainly faw that 
“ nothing drop’d out at the Claws, which 
were always dry, while the Spider bit, but 
“ that a fhort white Probofcis was at the fame 
“ time thruft out of the Mouth,which inftill- 
ed a Liquor into the Wound.” And he 
farther obferves, “ that the Quantity of Li- 
“ quor emitted by our common Spiders w'hen 
“ they kill their Prey, is vifibly fo great, 
“ and the wounding Weapons fo minute, 
“ that they could contain but a very incon- 
“ liderable Portion thereof, if it were to be 
“ difcharged that way.” 

Spiders frequently caft their Skins, which 
may be found in Cobwebs, perfectly dry and 
tranfparent; and from fuch Skins the For- 
'Ceps or Claws (for they are always died with 
the Skin) may eafier be feparated, and exa¬ 
min’d with more Exadlnefs than in a living 
Spider: for they commonly appear fpread 
out fairly to view, and, by their Tranfpa- 
rency every minute Part is feen with much 
Diftindnefs. But neither this Way, nor 
any other, have I been ever able to difcern 
the Aperture Mr. Leeuwenhoek fpeaks 


The Contexture of the Webs of Spiders, 
and their Manner of Weaving them, are far¬ 
ther Difcoveries of the Microfcope ; for that 
informs us, that the Spider has five little 
O 4 Teats 
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Teats or Nipples near the Extremity of th<^ 
Tail, whence a gummy Liquor proceeds, 
which adheres to any thing it is prefTed a- 
gainft, and being drawn out, hardens in- 
ftantly in the Air, and becomes a String or 
Thread, ftrong enough to bear five or fix 
times the Weight of the %W^r’sBody. This 
Thread is compofed of feveral finer ones that 
are drawn out feparately, but unite together 
two or three Hairs Breadth diftant from the 
Body of the Spider. The Threads are finer 
or coarfer according to the Bignefs of the 
Spider that Ipins them. Mr. Leeuwen¬ 
hoek computes, that an hundred of the 
finefi: Threads of a full-grown Spider are not 
equal to the Diameter of the Hair of his 
Beard; and, confequently, if the Threads 
and the Hair be round, ten thoufand fuch 
Threads are not bigger than fuch an Hair. 
He calculates farther, that when young Spi¬ 
ders firft begin to fpin, four hundred of 
them are not larger than One that is full 
grown ; and, therefore, the Thread of fuch 
a little Spider is fmaller by four hundred 
times than the Thread of a full-grown One : 
allowing which, four Millions of a young 
Spiders Threads are not fo big as the fingle 
Hair of a Man’s Beard 


The 


^ Fid. Phil. Tranf. Numb. 272. 
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The Eggs of fome Spiders are very pleafant 
Objects, being round at one End and flattifli 
at the other, with a Deprelhon in the Center 
of the flattiih End, and a yellowifh Circle 
round it. Their Colour is a blewifh White 
like counterfeited Pearl j and when they 
hatch, the little Spiders come out perfectly 
formed, and run about very nimbly. The 
Female depofits her Eggs, to the Number 
of five or fix hundred, in a Bag flrongly 
compofed of her own Web, which fhe ei¬ 
ther carries under her Belly and guards with 
the greatefl; Care, or elfe hides in fome fafe 
Recefs. As foon as the Eggs are hatch’d, 
the minute Spiders appear very agreeable in 
the Mtcrofcope. 

It has been before obferved, that the Cur¬ 
rent of the Blood may be feen in the Legs 
and Body of this Creature; and the judicious 
Obferver will difcover many other Wonders 
in the Diffedlion and Examination of its fe- 
veral Parts, which it would be tirefome for 
me to dwell on here. I cannot, however, 
conclude this Head, without pointing out 
two or three Kinds of Spiders as particularly 
worth Notice. 

There is a little white Field Spider with 
fhort Legs, found plentifully among new 
Hay, whofe Body appears like white Am-, 
ber^ with black Knobs, out of each where¬ 
of 
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of grow Prickles like Whin-Pricks. Some 
have fix, forae eight Eyes, that may be dif- 
tindtly feen, quick and lively : each Eye has 
a Violet-blew Pupil, clear and admirable, 
furrounded by a pale yellow Circle 

The wandring or hunting Spider, who 
fpins no Web, but runs and leaps by Fits, 
has two Tufts of Feathers fixt to its fore 
Paws, which well deferve being placed be¬ 
fore the Microfcope : the Variety and Beauty 
of Colouring all over this little Creature af¬ 
ford likewife a mod; delightful View. 

X The Long-Legs, Field, or Shepherd- 
Spider is a moil wonderful Creature; It has 
two Fore-Claws at a great Diftance from 
the Head, tip’d with black like a Crab’s, 
that open and fhut in the Manner of a Scor¬ 
pion’s, and are Saw-like, or indented, on 

the Infidc.-Cut all the Legs from this 

Spider, and place it before the Microfcope, 
and you’ll difcover, that the Protuberance 
on the top of the Back is furnilh’d with two 
fine Jet-black Eyes. 

The little red Spider that creeps on the 
Barks of Trees fhould alfo not be negledt- 
ed. 


* Dr. Microfcop.ObJirv. p. 13. 

t Hook’s Mhrogr. pag. zoo. J Ibid, 14. 

CHAP. 
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CHAP. XXVI. 

Of the G N A T. 

T H E Produftion of this Creature is froni 
an Egg, depofited by its Parent upon 
the Waters, which firft becopies a Worm or 
Maggot, then a very odd aquatic Animal, 
(defcribed pag. 88.) and afterwards a 
The particular Beauties of it cannot poffi- 
bly be difcover’d without a Microfcope ; bat 
by the Affiftance of that Inftrument, it ap¬ 
pears to be adorned by Nature in a more ex¬ 
traordinary Manner than moft other living 
Creatures are. ItsTall-part is covered over 
with Feathers, moft exquifitely difpofed in 
Rows; of different Colours, but yet perfedt- 
ly tranfparent. The ^ Breaft (which is cruf- 
taceous) is bedeck’d with little ftiff Hairs 
or Briftles, inftead of Feathers; and from 
thence fix hairy Legs proceed, with fix Joints 
to each, and at the End two little Claws. 
The Feet are all over feather’d in a Manner 
refembling the Scales ofFifhes, with abun¬ 
dance of little black Hairs amongft thern 
appearing ftubborn like Hogs Briftles. Its 
Wings are encompaffed with a Furbelow of 
long Feathers: and the Veins or Ribs that 


* SwAMMERD. Hift. genera], des Inledt. p. io8. 

ferve 
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ferve to ftrengthen them are alfo either fea¬ 
thered or fcaled. Between thefe Ribs an ex¬ 
ceeding thin tranfparent Membrane is ex¬ 
tended, full of little black fharp pointed 
Hairs, that are ranged every where with the 
utmoft Regularity. But as there are “f- diffe¬ 
rent Sorts of Gnats, their Wings are alfo 
very different, fome having a Border of long 
Feathers, others of fhort ones, and others 
none at all: the Rib-work of the Wings, 
like wife, in fome is feather’d, in fome fcaled, 
and in fome befet with Prickles. 

But the mod: wonderful Part of this Crea¬ 
ture is its Head: as it contains the Horns, 
the Sting or Sucker, and the Eyes. The 
Horns of the brujh-horn’d or Male Gnat are 
a mod charming Objedt: it has two Pair, 
one whereof is furrounded, at little Didances, 
with long Hairs, iffuing out circularly: each 
Circle leffening more than other as it dands 
near the Extremity of the Horns: and the 
whole together exadtly reprefenting the Fi¬ 
gure of the Plant called Equifefum or Horfe- 
‘Tail. The other Pair are longer and much 
thicker than the foregoing, and hairy from 
End to End. In the great bellfd or Female 
Gnat, the fird Pair of Horns, though of the 


-f- Mr. Derham obferved near forty different Species of 
Gnats about the Place where he lived, which was Vpminfter, 
in BJfex. Vid. Phfico-Thealog. p. 378. 

fame 
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fame Figure as the Male’s, has Hairs not 
near fo long, and the fecond Pair is fliorter 
than the firft by at leaft three Parts in four. 

The Fiercer, Sting, or Sucker is a Cafe 
covered with long Scales, that lies concealed 
under the * Gnat's Throat when not made 
Ufe of. The Side opens, and four Darts are 
thruft out thence, occahonally; one where¬ 
of, (minute as it is) ferves for a Sheath to 
the other three. The Sides of them are ex- 
treamly Iharp, and they are barbed or in¬ 
dented towards the Point, whofe Finenefs is 
inexpreffible, and fcarcely to be difcerned by 
the greateft Magnifier. When thefe Darts 
are thruft into the Fiefti of Animals, either 
fuccefiively, or in Conjundlion, the Blood 
and Humours of the adjacent Parts mu ft 
flow to and caufe a Tumour about the 
Wound, whofe little Orifice being clofed up 
by the Compreffion of the external Air, can 
afford them no Outlet. When a Gnat finds 
any tender juicy Fruits, or Liquors, fhe fucks 
up what Ihe likes, through the outer Cafe, 
without ufing the Darts at all; but if it is 
Flefh, that refifts her Efforts, the ftings very 
feverely, then (heaths her Weapons in their 
Scabbard, and through them fucks up the 
Juices (he finds there. The Pain they caufe 


* Vid. Hift. of Nat. Eng. 12'’. Edit. Vol. I. p. 124. 

is 
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is only while they are entering, and conti¬ 
nues not when the Gimt is fucking; nor is 
its Stinging out of Revenge, but from mere 
Neceffity, to obtain a proper Suflenance. 

The 'Gnaf% four Darts are ihewn Plate 
XIII. Fig. IX. a. b. c. d. 

A Gmt'% Eyes, which form the greateft 
Part of its Head, are pearled, or compoled 
of many Rows of little femicircular Protu¬ 
berances ranged with the utmoft Exadlitude. 
What thefe Protuberances are, and the Pur- 
pofes whereto they ferve, will be explained 
when we come to treat of the Eyes of /«- 
Je 0 s, 

The Motion of the Inteftines may be feen 
in the tranfparent Parts of this Animal, and 
upon Dilfeftion many curious Difcoveries 
may be made. Mr. Leeuwenhoek fays, 
he found in the ^ Semen of the Male num- 
berlefs Animalcules fmaller than thofe in 
Fleas, and in the Female a furprizing Quan¬ 
tity of Eggs. And, indeed, the Spawn of 
this Infedt is amazingly great, in proportion 
to its Size, being feen floating on the Waters 
(though always faftened to fomething to pre¬ 
vent its fwimming away) fometimes above 
an Inch in Length, and half a quarter in Dia¬ 
meter i the Eggs (each of which has a little 


* Leeuwenh. Anan. Nat. Tom. IV. p. 22. 

black 
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black Speck) being placed h\ exa£t Order, 
and kept together by a Sort of Geliy or glewy 
Matter, which the minute Maggots, when 
hatched, carry down with them to the Bot¬ 
tom, and thereby cement together the fmaU 
Particles of Earth or Sand that form their 
Cells or Cafes. 


CHAP, xxvir. 

Of the Ox-Fly, or Gad-Bee. 


ANOTHER Creature that undergoes a 
like Change, is the Ox-Fly, Dun-Fly, 
or Gad-Bee, an Infeft very troublefome to 
Cows and Horfes. 


This, like the Gnat, has a long Probofcis, 
with a fharp Dart or Darts fheathed therein. 
The Ufe of thefe Darts is to penetrate the 
Flefli of Animals and feed on their Blood; 
whereas the Probofcis can only ferve to fuck 
the Juices, Honies, or Dews, from Fruits, 
Flowers, or the Leaves of Plants: and Pro¬ 
vidence ^ feems to have kindly furnifhed it 
with this twofold Inftrument, that if one 
Sort of Provifion fails, it may be able to fub- 
fift on the other. It is worth Enquiry whe¬ 
ther Lice, Fleas, Houfe-Bugs, &c. are not 
aifo provided for the fame Purpofes. 


The 
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The Eggs of this Infed; are depofited in 
the Waters, and produce an extraordinary 
Kind of little Worm or Maggoty the Extre* 
mity of whofe Tail is incircled with move- 
able Flairs, which, being expanded on the 
Surface of the Water, enable it to float along, 
^ as in Plate VII. Fig. XIII. a. When it 
would defcend towards the Bottom, thefe 
Hairs are made to approach each other in an 
oval Form, and inclofe a little Bubble of Airj 
by means whereof it is able to rife again r and 
if this Bubble efcapes, as fometimes it will, 
the Infedt immediately fqueezes out of its 
own Body another like Bubble to fupply the 
Place thereof. The Maggoty as defcending, 
is fhewn. Fig. XIII. b. Its Snout has three 
Divifions, whence three little pointed Bodies 
are thrufl; out, in continual Motion, like the 
Tongues of Serpents. 

Thefe Maggots are frequently to be met 
with in Water taken from the Surface of 
Ditches. The Motion of their In teftines are 
perfectly lingular and diftinguilhable, and 
they are Objeds well deferving our particu¬ 
lar Obfervation. 


* Vid. Swammer. Hiji. Generate des Infea. p. 148. 


CHAP. 
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CHAP. XXVIIL 

Of the Stings of Infeds. 

T he fiarp and penetrating Injirumefits 
wherewith the Tails of BeeSj Wafps, 
Hornets, Ants, and fome other Infeds are 
armed, I diftinguifh by the Name oiStings : 
being Weapons given them by Nature to de¬ 
fend themfelves and offend their Enemies j 
whereas the Trunk or Probofcis which Gnats, 
Fleas, Lice, and many other Kinds carry in 
their Mouth, though it may be equally fharp, 
is not intended as an Inftrument of Revenge, 
but for procuring and fucking in their Food ; 
and, therefore, when fuch Creatures bite or 
fling us, as we term it, We mufl not ima¬ 
gine they do fo out of Anger, but from Ne- 
ceffity. Squeeze or flrike a Bee or Wafp, 
it inflantly puts forth its Stingy but no Pro¬ 
vocation can urge a Gnat or Flea to bite: 
on the contrary, when diflurbed or hurt they 
draw in their Probofcis inftead of thrufling it 
out, and never make Ufe of it but when 
they think themfelves perfedly fafe and quiet. 
There is befides this farther Difference ^ a 
Sting in]eSis a venomous Liquor into the 
Wound it makes, but a Probofcis Jiicks or 
draws out the Blood and Humours from it. 


P 


As 
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As the Strudlure and Contrivance of moft 
Stings are nearly alike, bydefcribing one the 
reft will be underftood : I ftiall, therefore, 
give a brief Account of the Sting of Bee[ 
as difcovered by the Microfcope. 


CHAP. XXIX. 

Of a Sting. 

'"T^HE Sting of a Bee is a horny Sheath or 
Scabbard that includes two bearded 
Darts. This Sheath ends in a fharp Point.: 
near the Extremity whereof a Slit opens, 
through which, at the Time of flinging, two 
bearded Darts are protruded beyond the End 
of the Sheath ; one whereof being a little 
longer than the other, fixes its Beard firft j 
but the other inftantly following, they pene¬ 
trate, alternately, deeper and deeper, taking 
hold of the Flefh with their Hooks, till the 
whole Sting becomes buried in the Wound; 
and then a venomous Juice is injefted, thro’ 
the fame Sheath, from a little Bag at the 
Root of the Sting, which occafions an acute 
Pain, and a Swelling of the Part, continu¬ 
ing fometimes feveral Days. ‘ This is beft 
prevented, by enlarging the Wound imme¬ 
diately to give it fome Difcharge, 


The 
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The two Darts lye within the Sting as in 
Plate Xin. Fig. X. 

When thruft out theyappear asinFig.X. h. 

Mr. Derham fays, he counted, in the 
Sting of a Wafp., eight Beards on the Side of 
each Dart, fomewhat like the Beards of Fiih- 
Hooks, and I have obferved the fame Num¬ 
ber in that of a Bee. When thefe Beards are 
ftruck deep in the Flefli, if the wounded 
Perfon ftarts before the Bee can difengage 
them, fhe leaves her Sting behind flicking 
in the Wound : but if he has Patience to 
fland quiet, till flie brings the Hooks clofe 
down to the Side of the Darts, fhe withdraws 
her Weapon, and the Wound becomes much 
lefs painful. A Wafp is not fo liable as a Bee 
to leave its Sting behind, the Beards of it be¬ 
ing rather fhorter, and the Animal flronger 
and more nimble. * 

To view the Sting of a Bee by the Mi- 
crofcope, cut off the End of its Tail, and 
then touching it with a Pin or Needle, it 
will thruft out the Sting and Darts, which 
may be fnipt off with a Pair of SciiTars and 
kept for Obfervation. Alfb, if you catch a 
Bee in a Leather Glove, its Sting wilLbe 


* Vid. Derham’sP hyf. Theol. p. 241. Speft. delaNat. 
Dial. VI. ^ ^ r 

P 2 left 
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left therein, being unable to difengage its 
Hooks from Leather : and when it is quite 
dead, which it will not be till after feveral 
Hours, you may by Care and Gentlenefs ex- 
trad; it with its Darts and Hooks. By 
fqueezing the Tail, pulling out the Sting, 
and preffing it at the Bottom, you may like- 
wife force up the Darts ; but without fome 
Pradice this will be a little difficult. 

The Bag containing the poifonous Juice 
may eafily be found at the Bottom of the 
Sting, and examin’d, being commonly pul¬ 
led out with it : and, by letting the Bee 
ftrike its Sting upon fome hard Body, enough 
of the faid Juice may be obtained to put upon 
a Slip of Glafs, in order to view the Salts, 
floating therein at firft, and afterwards 
Ihooting into Cryftals. 


CHAP. XXX. 

Of the Sting of a Scorpion. 

H OW far the Sting of a Scorpion is of a 
like Strudure with that of a Bee I ne¬ 
ver had the Opportunity of examining, as 
none of them are brought alive to England ; 
but the Curious that go abroad into hot Coun¬ 
tries, where they are produced, would do 
well’ to obferve, particularly, whether a Dart 
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or Darts are not fheathed in the horny Sting 
at the Extremity of their Tail. 

The Opinions of Authors are very diffe¬ 
rent as to this Creature’s having or not hav¬ 
ing any opening in its Stingy through which 
a Poifon iffues into the Wound it makes. 
Galen fays, there is none: Pliny, Ter- 
TULLiAN, Elian, Aldrovand and others 
affert, on the contrary, that there is. But I 
think this Matter is fet in the trued; Light 
by Seignior Redi, that diligent Natura- 
lift, who took the Pains to examine Scorpions 
brought from Tunis, from Egypt, and 
from Italy, in order to difcover this Aper¬ 
ture, with two of the bell Microfcopes in 
the Mufceum of the Grand Duke of Tus¬ 
cany, one whereof was made at Rome, 
and the other in England: but, though 
thefe Glaffes were excellent, he was unable 
to difcern the lead: Perforation. However, 
not fatisfied with only viewing them, he en¬ 
deavoured, by Predure, to fqueeze from the 
Cavity of the Sting any Liquor it might con¬ 
tain } but he found it fo hard and horny, 
that Squeezing could have no Effed:. He, 
moreover, caufed a Scorpion to flrike on a 
Plate of Iron, but no Moifture appeared 
thereon ; fo that he began to conclude Ga¬ 
len’s Opinion right j when he difcovered, 
accidentally, an exceeding fmall and almod: 
invifible Drop of ‘white Liquor upon the 

P3 
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Sting * ; which convinced him that Elian 
fays true, where he afferts, that the Perfo¬ 
ration in a Scot f ion'^ Sting is fmall beyond 
the Poifibility of being fcen. And fuch a 
Drop he frequently faw afterwards, in the 
Progrefs of his Experiments, on the Stings 
of feveral Scorpions^ at the Time of their 
Striking: which Drop, entering the Wound, 
produced the moft fatal Effects 

What a virulent and furprizing Poifon 
mu ft this be! that, in fo very minute a 
Quantity, can contaminate the whole Mafs 
of the Fluids, and bring on hidden Death, 
not only in Man and other fmaller Creatures, 
but even in Lions, Camels and Elephants, as 
we are afiured it will ! How fubtile, how 
penetrating, how divilible, muft the com¬ 
ponent Particles of this little Speck of Ve¬ 
nom be! and how ftrong a Proof it affords, 
that the greateft Changes imaginable may be 
wrought in the human Body, by the Ad¬ 
mixture of different Liquors with the Blood, 
even in the fmalleft Quantities! 


* Vid. Redi de Gener. Inreft. p. 127. 
f Mr. Leeuwenhoek difcovered an Opening on each 
Side of the Sting for the Emifiion of this Poifon; which he 
fuppofes is not difcharged till the Sting is buried in the Wound. 
Vid. Arc. Nat. Tom. 11 . p. 167. 


CHAP. 
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CHAP. XXXI, 

Of the Poifon of a Viper. 

Mifchief done by the Viper^ or any 
other Serpent, is not efFedted by means 
of a Sting, (for what is darted out of its 
Mouth, and by the vulgar fuppofed a Sting, 
is nothing but the Tongue of the Animal, 
and perfedly harmlefs:) but its Teeth arc 
the dreadful Weapons wherein the Poifon 
lies, and its Bite is all we need to fear. 

Dr. Mead, in his mod: valuable Eflay on 
the Poifon of the Viper, has defcribed thefe 
Teeth and their Poifon fo: much better than 
it is poffible for me to do, that I fhall beg> 
Leave to borrow the chief I have to fay from 
him. 

The poifonous Fangs or great Teeth are 
crooked and bent: they are hollow from 
the Root a confiderable Way up, not to the 
very Point, (which is folid and fharp to pe¬ 
netrate the better) but to within a little Dif- 
tance of it: as may befeen by fplitting a Tooth 
through the Middle. This Cavity ends in a 
vifible Slitrefembling a Nip or Cut of a Pen. 
See Plate XIII. Fig. XI. The Poifon is 
ejeded through this Slit from a Bag at the 
Root of the Teeth, into which it is difcharg’d 
by a Dudl juft behind the Orbit of the Eye, 
P 4 from 
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from a conglomerated Gland that feparatcs it 
from the Blood, 

The venomous Juice of the Ftper may be 
got by enraging it till it bites on fomething 
folid. This Juice the Dodior put carefully 
on a Glafs Plate, and examined it by the Mi~ 
crofcope. Upon the firft Sight he could dif- 
cover nothing but a Parcel of fmall Salts nim¬ 
bly floating in the Liquor : but in a very 
fhort Time the Appearance was changed, 
and thofe faline Particles were now fhot ouf 
as it were into Cryflals of an incredible 
Tenuity or Sharpnefs, with fomething like 
Knots, here and there, from which they 
feemed to proceed : fo that the whole Tex¬ 
ture did in a manner reprefent a Spider’s 
Web, though infinitely finer and more mi-r 
nute; and yet withal, fo rigid were thefe 
pellucid Spicula or Darts, that they remain’d 
unaltered upon his Glafs for feveral Months. 
And, by confidering the neceflary Efledls of 
fuch Spicula in the Blood, this learned Phy- 
lician accounts very reafonably for all the 
Symptoms ufually fucceeding the Bite of 
this Animal. 

Galen fays, the Mbuntehanh of his Time 
ufed, with fome kind of Pafle, to flop the 
Perforations in the Teeth of Vipers^ whereby 
they kept in the Venom; and then woyld 
fuffer themfelves to be bit, pretending their 
Antidotes prevented any ill Effedls. 

CHAR 
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CHAP. XXXII. 

Of /i'l? S N A I L, 

E ^ Snail has four Eyes, at the End 
of optic Nerves, fheathed in her Horns, 
which {he can draw in, or th^rufl; out, turn, 
or direct, as fhe finds moft convenient. 

When the Horns are out, cut off nimbly 
the Extremity of one pf them, and, placing 
it before the Microfcope^ you may difcover 
the black Spot at the End to be really a 
Semiglobular Eye. 

The Diffedfion of this Animal is very cu¬ 
rious ; fof the Microjcope does not only (hew 
the Heart, beating, juft againft a round Hole 
near the Nepk^ which feems the Place of 
Refpiration ; but alfo the Liver, Spleen, 
Stomach, Veins, Arteries, Guts, Mouth and 
Teeth. The Guts are green, from the Crea¬ 
ture’s eating Herbs, and branched all over 
with fine capillary white Veins. The Mouth 
is like a Hare’s or Rabbet’s, with four or fix 
Needle-Teeth refembling thofe of Leeches^ 
and of a-Subftance like Horn. 

Snaih are all Ipermaphrodites^ having 
both Sexes united in each Individual. They 
lay their Eggs with great Care in the Earth j 


* Vide Power’s Ohferv. p. 38. Lister Exerc. Ana- 
tfim. Sped, de h Nature, Dial. XI. 

and 
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and the young ones come out, when hatch¬ 
ed, with Shells compleatly formed, and of 
a Minutenefs proportionable to their own 
Size. Thefe little Shells enlarge, as the 
Snails advance in Growth, by the Addition 
of new Circles, of which Circles they always 
continue to be the Center. 

Cutting off a Snaih Head, a little Stone 
appears, f which from its diuretic Quality is 
of fingular Service in gravelly Diforders. Im¬ 
mediately under this Stone the beating Heart 
is feen, with its Auricles, which are mem¬ 
branous j all of a white Colour, as are alfo 
.the Veffels iffuing therefrom. This little 
Stone feems intended to ferve inftead of a 
Breafl-Bone, which ijioft other Creatures 
have. 

It is very remarkable that Snails dif- 
charge their Excrements at an Opening in 
the Neck, that they breathe there, and that 
both their male and female Parts of Genera¬ 
tion are fituated near the fame Place. The 
male Part is very long, and in Shape refem- 
bles the Penis of a Whale. 


iVide SwAMMERDAjli Hill. Gener.desIpfedles.p. 77. 
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CHAP. XXXIII. 

Of the common Fly. 

E common Fly is adorn’d with Beau- 
ties not to be conceived without aikT/- 
crofcope. It is ftudded from Head to Tail 
with Silver and Black, and its Body is all 
over befet with Briftles pointing towards the 
Tail. The Head of it contains two large 
Eyes, encircled with Borders of Silver Hairs; 
a wide Mouth, with an hairy Trunk or In- 
flrument to take in its Food : a Pair of ihort 
Horns, fcveral ftiff black Briftles, and many 
other Particulars difcoverable by the Micros 
jeope"^. Itsr Trunk confifts of two Parts, fold¬ 
ing over one another, and ftieathed in the 
Mouth. The Extremity thereof is ftiarp 
like a Knife, for the Separation of any thing. 
The two Parts can alfo be form’d, occafion- 
ally, into a Pair of Lips for taking up pro¬ 
per Quantities of Food, and by the Fly*$ 
fucking in the Air, they become a kind of 
Pump, to draw up the Juices of Fruits or 
other Liquors. 

Scane Flies, are much lighter coloured and 
more tranfparent than others, and in fuch 
the Motion of the Guts may be feen very 


Spedacle de la Nat. Dial. VII, 


diftindlly. 
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diftindly, working from the Stomach to¬ 
wards the Anus \ and alfo the Motion of 
the Lungs, contrafting and dilating them- 
felves alternately. Upon opening a Fly^ 
numberlefs Veins may likewife be difcover’d 
difperfed over the Surface of its Inteftines: 
for the Veins being blackilh, and the Intef- 
tines white, they are plainly vifihle by the 
MicrofcopCy though two hundred thoufand 
Times denderer than the Hair of a Man’s 
Beard. According to Mr. :|:Leeuwenhoek, 
the Diameter of four hundred and fifty fuch 
minute Veins were about equal to the Dia¬ 
meter of a fingle Hair of his Beard and 
confequently, two hundred thoufand of them 
put together would be about the Bignefs of 
fuch an Hair. 

In mod: kinds of FAVr, the Female is 
furnilhed with a moveable Tube at the End 
of her Tail, by extending of which fhe 
can convey her Eggs into convenient Holes 
and Receptacles, either in Flelh, or fuch 
other Matters as may afford the Young Ones 
proper Nourifhment. From the Eggs come 
forth minute Worms or Maggots, which 
after feeding for a while, in a voracious Man¬ 
ner, arriving at their full Growth, become 
transformed into little brown Aurelias ; 


% Arc. Nat. Tom. II. p. 77. 


whence. 
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whence, after fome time longer, they iffue 
perfcd: Flies. 

It would be endlefs to enumerate the dif¬ 
ferent Sorts of Flies^ which may continually 
be met with in the Meadows, Woods and 
Gardens: and impoffible to defcribe their 
various Plumes and Decorations, furpafhng 
all the Magnificence and Luxury of Drefs 
in the Courts of the greateft Princes. Every 
curious Obferver will find them out himfelf, 
and, with Amazement and Adoration, lift 
up his Eyes from the Creature to the 
Creator. 


CHAP. XXXIV. 

Of the Weevil, or Corn-Beetle. 

'’T^HE Weevil and the Wolf are two kinds 
^ of fmall Infedts that do abundance of 
Mifchief to many Sorts of Grain, by eat¬ 
ing into them and devouring all their Sub- 
ftance. 

The Weevil is fomewhat bigger than a 
large Loufe, of the Scarab Kind, with two 
pretty jointed tufted Horns, and a Trunk 
or Peircer projedting from the Fore-part of 
its Heads at the End of which Trunk (which 
is very long in Proportion to its Body) are a 
fort of Forceps or fliarp Teeth, wherewith 
it gnaws its Way into the Heart of the 

Grain, 
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Grain, either to feek its Food or depofit its 
Eggs there. 

By keeping thefe Creatures in Glafs 
Tubes, with fome few Grains of Wheat, 
their Copulation has been difcovered, and 
likewife their Manner of Generation, which 

is thus.-The Female perforates a Grain 

of Wheat, and therein depofits a fingle ob¬ 
long Egg, or two Eggs at moft, (a Grain of 
Wheat being unable to maintain above one or 
two of the young Brood when hatch’d)and this 
fhe does to five or fix Grains every Day for fe- 
veral Days together. Thefe Eggs, not above 
the Size of a Grain of Sand, in about feven 
Days produce an odd fort of white Maggot, 
which wriggles its Body pretty much, but 
is fcarce able to move from Place to Place, 
as indeed it has no occafion, being happily 
lodged by its Parent where it has Food e- 
nough. This Maggot turns into an Jurelia, 
which in about fourteen Days comes out a 
ferfeB Weevil. 

As many People are unacquainted with 
tho. Weevil^ a Picture of it is given Plate XIII. 
Fig. XII. 

Weevils when in the Egg, or not come 
to their perfect State, are often devoured by 
Mites. 


f Vide Leeuwen. Epift. de Sexto Junfti 1687. ad 
Eeg Societ. / 

CHAP. 
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CHAP. XXXV. 

0/ the Wolf. 

'' I ^HE Wolf 2. little white Worm or 
^ Maggot that infefts Granaries and Corn- 
chambers, and unlefs proper Care be taken, 
will do unfpeakable Damage.— I call it a 
Worm^ or Maggot, becaufe under that Form 
it does the Mifchief, though in its perfect 
State it is really a fmall Moth^ whofe Wings 
are white, fpotted with black Spots. 

This little Maggot has fix Legs ; and, as 
it creeps along, there iffues from its Mouth 
an exceeding fine Thread or Web, by which 
it fallens itfelf to every thing it touches, fo 
that it cannot fall. Its Mouth is armed with 
a pair of reddifii Forceps or biting Inflru- 
ments, wherewith it gnaws its Way not on¬ 
ly into Wheat and other Grain, but perfo¬ 
rates even wooden Beams, Boxes, Books, 
and almofi: any thing it meets with. 

^ Towards the End of Summer, this per¬ 
nicious Vermin (in Corn-chambers infefted 
with them) may be feen crawling up the 
Walls in great Numbers, in fearch of pro¬ 
per Places where they may abide in Safety 
during their Continuance in their Aurelia 
State: for when the Time of undergoing a 
Change into that State approaches, they for- 
I fake 
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fake their Food, and the little Cells they had 
formed of hollowed Grains of Corn, clotted 
together by means of the Web coming from 
their Mouths, and \vander about till they 
find fome Wooden Beam, or other Body to 
their Mind, into which they gnatv Holes 
with their lharp Fangs, capable of conceal¬ 
ing them: and there, enveloping themfelves 
in a Covering of their own Spinning, foon 
become metamorphofed into dark-coloured 
Aurelias -f-* 

Thefe Aurelias continue all the Winter 
unadive and harmlefs, but about April or 
May^ as the Weather grows warm, they 
are transformed a-new, and come forth 
Moths of the Kind above defcribed. They 
may then be feen in great Numbers taking 
little Flights, or creeping along the Walls j 
and, as they eat nothing in their Fly-State, 
are at that Time not mifchievous. But they 
foon copulate and lay Eggs (fliaped like 
Hen’s Eggs, but not larger than a Grain of 
Sand) each Female fixty or feventy, which, 
by means of a Tube at the End of her Tail, 
fhethruftsor infinuatesinto the little Wrinkles, 
Hollows, or Crevices of the Corn ; where, 
in about fixteen Days they hatch, and then 
the Plague begins: for the minute Worms 
or Maggots immediately perforate the Grain 


f Vide Lkeuwen. Experiment, & Contempl. Epift. 7*' 

they 
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they were hatched upon, eat out the very 
Heart of it, and with their Weh% cement 
other Grains thereto, which they likewife 
fcoop out and devour, leaving nothing but 
Hulks, and Dud, and fuch a quantity of 
their Dung as diews them to be more vo¬ 
racious Infeds than the Weevil. 

The watchful Obferver has two Opportu¬ 
nities of deftroying this Vermin, if they hap¬ 
pen to be got among his Corn. One is, when 
they fprfake their Food and afcend the Walls, 
which they will fometimes almoft cover: 
the other, when they appear in the Moth 
State. At both thefe Times they may be 
crulhed to Death again ft the Walls in great 
Numbers by clapping Sacks upon them. 
But they may ftill be exterminated more 
effedually, if clofing up all the Doors and 
Windows, the Corn-Chamber be filled with 
the Fumes of Brimjlone^ by leaving it burning 
on a Pan of Charcoal, without giving it any 
Vent, for twenty-four Hours. Great Cau¬ 
tion, however, muft be ufed, to open the 
Windows and Doors, and let all the Fumes 
be intirely gone, before any Body enters the 
Place afterwards, for Fear of Suffocation. 
The Fumes of Sulphur are in no wife hurt¬ 
ful to the Corn, or give it any Tafte. 

The Pidure of the Wolf in its Reptile 
State, (when it goes by that Name) is Ihewn 
Plate XIII. Fig. XIII. 
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Its Appearance when transformed into a 
Moth is feen Fig XIIL b. 

Old Corn is lefs fubjed to thefe devour¬ 
ing Infeds than Corn that is new j for its 
Skin being more hard and dry, it is much 
more difficult for the little Maggots when 
firft hatch’d to penetrate*. 


CHAP. XXXVI. 

Of the pearled Eyes ^ -I* Insects. 

^^HE Eyes of Infedls are amazing Pieces 
of Mechanifm, whofe Strudure and 
Difpofition without the Afliftance of the 
Microfcope would for ever have been un¬ 
known to us.— Beetles^ Dragon-flies^ Bees, 
Wafps, Ants, common Flies, Butterflies, and 
many other Infers have two Crefcents, or 
immoveable Caps compofing the greateft 
Part of the Head, and containing a prodi¬ 
gious Number of little Hemifpheres or round 
Protuberances, placed with the utmoft Re¬ 
gularity and Exadnefs in Lines croffing each 
other, and refembling Lattice-Work. Thefe 

* I call thislnfedl the Wolf from the Latin Name Lufus} 
given, I fuppofe, for its Voradoufnefs, 

■f- t'lde Speftacle de la Nature, Dial. VIII. Hook’s 
Microg. p. I So. Leeuw. Arc. Nat. Tom. II. PartlLp^i. 
again,p. 424. Derham’s Phyf. Theolog, p. 364. 


are 
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are aCollediion of fo perfe6tly fmooth 
and pohftied, that like fo many Mirrors they 
refleft the Images of all outward Objedts. 
One may fee the Figure of a Candle multi¬ 
plied almoft to Infinity on their Surfaces, 
fhifting its Beams into each Eye, according to 
the Motion given it by the Obferver’s Hand: 
and as other Creatures are obliged to turn 
their Eyes to Objedts^ this Sort have fome 
or other of their Eyes always ready diredted 
towards Objedts on whatever fide they pre- 
fent themlelves. In Ihort, all thefe little 
Hemifpheres are real EyeSy having in the mid¬ 
dle of each a minute tranfparent Lens and 
Pupily through which Objedts appear topfy 
turvy as through a convex Glafs: This be¬ 
comes alfo a Jmall Telefeope when there is a 
juft focal Diftance between it and the Lens 
of the Microfcope. It is alfo reafonable to 
believe, that every Lens has a diftindt Branch 
of the Optic Nerves adminiftring to it: and 
yet, that Objedts are not multiplied, or ap¬ 
pear otherwife than fingle, any more than 
they do to us, who fee not an Objedt dou¬ 
ble though we have two Eyes. 

Every Man almoft that has feen a Micro- 
fcope has been entertained with a View of 
thefe minute Eyes, and yet very few perhaps 
have well confider’d either the Nature or 
the Number of them. Mr. Hooke com¬ 
puted fourteen thoufand Hemifpheres in the 
0^2 two 
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two Eyes of a Drone^ viz. feven. thoufand 
in each Eye. Mr. Leeuwenhoek reckon¬ 
ed fix thoufand two hundred thirty-fix in a 
Silk-fform's two Eyes, when in its Fly-ftate: 
three thoufand one hundred eighty one in 
each Eye of a Beetle : and eight thoufand 
in the two Eyes of a common Fly. The 
Libellay Adder-Bolty or Dragon-Flyy is the 
mod; remarkable of all the Infeds we know 
for its large and fine pearled Eyes ; which 
even with a common Reading-Glafs appear 
like the Skin we call Shagreen. Mr. Leeu¬ 
wenhoek reckons in each Eye of this 
Creature, twelve thoufand five hundred forty 
four Lenfesy or, in both, twenty-five thou¬ 
fand eighty-eight j placed in an hexangular 
Pofition, each Lens having fix others round 
it; which is alfo the Order moft common in 
other Eyes. He likewife obferved in the 
Center of each Lens a minute tranfparent 
Spot, brighter than the reft, and fuppofed to 
be the Pupily through which the Rays of 
Light are tranfmitted upon the Retina. This 
Spot had three Circles furrounding it, and 
feemed feven times lefs than the Diameter 
of the whole Lens. We fee here, in each 
of thefe exceedingly minute lenticular Sur- 
facesy as much Accuracy in the Figure and 
Polifti, and as much Contrivance and Beau¬ 
ty as in the Eye of a Whale or an Elephant: 
and how delicate, how exquifitely delicate 
muft the Filaments of the Retina be which 

ferve 
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ferve to each of thefe, fince the whole Pic¬ 
ture of Objects painted thereon, muft be 
Millions of times lefs than the Images of 
them pictured on the human Eye ! 

If we cut off the "Eye of a Dragon Fly^ 
of a Drone^ or of a common Fly, and with 
a Pencil and fome clean Water wafh out 
all the Veffels, thofe Veffels may be exa¬ 
min’d by the Microfcope, and the Numbers 
of them will appear wonderful and furpriz- 
ing ; and then, if the outward Covering be 
dryed carefully, fo as not to fhrink, it will 
be rightly prepared for making Experiments 
with the Micrqfcope, and upon viewing it 
we fhall perfectly diftinguifh the numerous 
Protuberances or Hemijpheres divided from 
one another, with a fmall Light iffuing be¬ 
tween them, and fix Sides to each. Mr, 
Leeuwenhoek having prepared an Eye 
in this Manner, placed it a little farther 
from his Microfcope than when he would exa¬ 
mine an Objeft: fo as to leave a right and 
exadt focal Difiance between it and the Lens 
of his Microfcope j and then, looking thro’ 
both in the Manner of a Telef ope, at the 
Steeple of a Church, which was two hun¬ 
dred ninety and nine Feet high, and feven 
hundred fifty Feet from the Place where he 
flood, he could plainly fee,through every little 
Lens,xhQ whole Steeple, inverted, tho’ not lar¬ 
ger than the Point of a fine Needle ; and then, 
0^3 diredl- 
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direfting his View to a neighbouring Houfe, 
he faw through abundance of the little He- 
mifpheres^ not only the Front of the Houle, 
but likewife the Doors and Windows j and 
was able to difcern diftindtly whether the 
Windows were Ihut or open. 

There can be no doubt, that Lice, Mites, 
and multitudes of other Animalcules, much 
fmallcr ftill than they, have Eyes contrived 
and fafhion’d, to difcern Objedts fome thou- 
fands of times lefs than themfelves j for fq 
the minute Particles they feed on, and ma¬ 
ny other Things neceflary for them to di- 
ftinguilh and know perfectly, muft certainly 
be.—What a Power then of magnifying are 
fuch Eyes endued with ! and what extra¬ 
ordinary Difcoveries might be made, were 
it poffible to obtain Glaffes through which 
•we could fee as they do! 


CHAP. XXXVII. 

Of the Antenna, Feelers, or Horns of 
Insects. 


^^H E Horns of InfeSis have been thought 
by many defigned only tq clean their 
Eyes, by wiping off any Dull that may fall 
thereon: but as we conftantly obferve therq 
perform- 
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performing that Office with their Fore-legs, 
’tis certain their Horns muH be intended for 
fome other Purpofe. And fince they are 
perpetually feeling before them with their 
Antennae as they walk along*, Mr. De r h am 
very reafonably imagines them abfolutely 
neceffary to fearch out and find their Way. 
For as their Eyes are immoveable, fo that 
no Time is required for their turning them 
to Objedls, there is no Neceffity that the 
Retina, or optic NervCy ffiould, occafionally, 
be brought nearer to, or removed farther 
from the Cornea, as it is in other Animals ; 
which would require Time: but their Cornea 
and Optic Nerve being always at one and 
the fame Diftance, and fitted only to fee dif- 
tant Obje( 5 ts; they would be infenfible of, 
and apt to run their Heads againft Bodies 
very near them, were they not affifted by 
their Feelers. 

And that this, rather than wiping the Eyes, 
is the chief Ufe of the Feelers, is farther 
manifefi; from the Antennae of the Flejh- 
Fly, and many other Infeds, which are fhort 
and ftrait, and uncapable of being bent 
down to, or extended over the Eyes: as al- 
fo from others enormoufly long, fuch as 
thofe of the Capricorni or Goat Chafers, 
the Cadew Fly, and divers others both Beetles 
gnd Flies. 


^ Der ham’s Phyf. Theol. p. 365, 

0-4 


The 
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The lamellated Antennae of fome, the 
clavellated of others, the Topknots or Tufts 
like Dandeliort Seeds, the branched, the fea¬ 
thered, and divers other Forms of Horns of 
Beetle^ Butterfiy^ Mothy and many 
Kinds befide, are furprizingly beautiful when 
viewed through a Mtcrofcope. And, in fome, 
thefe Antennc^ diftinguifh the Sexes; for in 
the Gnat-kind all thofe with Tufts, Feathers, 
or Brufh-Horns (of which there are great Va¬ 
rieties) are Male^: thofe with fhort fingle- 
fhafted Horns are Females. 


CHAP. XXXVIII. 

Of the Wings of Insects. 

' I '^HERE is fuch infinite Variety in the 
Contexture, Formation, Difpofition and 
Ornaments of the Wings of InfedtSy accord¬ 
ing to their different Wants and Ways of 
Life, that nothing but a curious Obfervation 
can make us have any true Conception of it. 
Some Wings are filmy, as thofe of Dragon^ 
flies j others are ftuck over with fhort Brif- 
tles, as in Flejh-flies j fome are Films co¬ 
vered with fhort Feathers, like the Tiles of 
a Houfe, as in Butterflies and Moths j others 
have divided Wings, as the grey and white 
Z feathered, 
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feathered-Moth. The Wings of many forts 
of Gnats are adorned with Rows of Fea¬ 
thers along their Ridges, and Borders of 
Feathers round their Edge. Some, again, 
have Hairs, and others Hooks, placed with 
the greateft Regularity and Order. All of 
the Scarab Kind have Elytra, or Cafes, into 
which their Wings are folded and preferved 
until they want to employ them. Some of 
thefe Cafes reach almofl to the Extremity of 
the Tail, as in mofl Kinds of Beetles-, and o- 
thers are very fhort, as in the Earwig. Many 
of them are likewife extreamly beautiful 
when brought before the Microfcope. 

All thefe Kinds of Wings have certain bo¬ 
ny Parts or Ribs, that give them Strength, 
along the Sides of which run large Blood- 
Veffels branching oat into numberlefs Divi- 
fions, and conveying Nourishment to the in¬ 
termediate Parts: for though no Circulation 
can be difcerned in them, it being probably 
extreamly flow, we can fcarce doubt that 
there mufl: be continually a Supply of Jui¬ 
ces to the Quills, Hairs, or Briftles where¬ 
with they are armed or ornamented. 

As to Motion, Wings that are filmy move 
fafter than thofe cover’d with Feathers, Mr. 
Hook obferves, that in the Wings of fome 
minute Flies there are many Hundreds, if not 
Thoufands of Vibrations in a Second, and 
fuppofcs them the fwifteft Vibrations in the 
World: 
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World : whence he refleds, very ingenlouf- 
ly, on the Quicknefs of the Animal Spirits, 
that ferve to fupply this Motion, 

Thofe converfant in Microfcopes need not 
be informed, that the beautiful Colours on 
the Wings of Butterflies and Moths are ow¬ 
ing to elegant minute Feathers, ending in 
^ills, and placed with great Exadnefs in 
orderly Rows ^ as when rubbed off, the Holes 
they come from Ihew : but few, it may be, 
have much obferved the great Variety of their 
Make: not only in Moths and Butterflies of 
different Sorts, but even in thofe taken from 
different Parts of the fame Wing; infomuch 
that it is pretty difficult to find any two 
of them exadly alike. 

Rub thefe Feathers gently off, with the 
End of your Finger or Pen-knife j and, 
breathing upon a Angle Talc in one of 
your Sliders, apply it to the Feathers which 
ieem only like a fine Duff, and they will im¬ 
mediately adhere to it: then placing it be¬ 
fore the Microfcope, if they are not perfed, 
pr lye not to your Mind, wipe them off, 
and put on others in the fame Manner, till 
you get thofe you like: then cover them with 
another 'Talc, and faften it down with a 
Wire, that you may preferve them for future 
Examination. Look at them with the third 
or fourth, then with the fecond, and at laft 
with the greateft Magnifier. 


The 
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The Wing of a Midge is a moft curious 
Objedt, and fo indeed is every Part of that 
minifte Infedl. The Wing of the little Plume 
Moth is compofed of feveral diftindl Quills, 
like thofe of Birds. There are alfo Wings 
folded up in the little Cafes on the Backs of 
Earwigs^ very pretty to examine. But no 
more need be faid of Wings, fince every 
Body muft be fenfible the great Variety of 
them is an endlefs Subjedt of Enquiry and 
Admiration. 


CHAP. XXXIX. 

Of the Baliances or Poifes of Infedls. 

lY/rOST Infedts having but two Wings, are 
provided with a little Ball or Bladder 
under each, fet at the Top of a ilender Foot- 
ftalk, which is moveable every Way at Plea- 
fure. With thefe they ballance themfelves 
in Flight as a Rope-I}ancerdioc?, with his Pole 
leaded at each End; and if one of them be 
cut off, the Creature flies for a while very 
awkardly, as if over-heavy on one Side, and 
falls at laft to the Ground. Thefe Bladders 
being hollow may ferve likewife to produce 
the Noife many Sorts of Flies make, by 
ftriking their Wings againft them, and be a 
Means of finding out one another. In fome 
Creatures 
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Creatures they {land alone, but the whole 
Fly-Tribe have little Covers or Shields under 
which they lye and move. Infers that have 
four Wings ballance themfelves with the two 
lefTer Ones, and, as they want not, have none 
of thefe little Poifes. The Microfcope may 
probably find out ftill farther Beauties, Con¬ 
trivances and Ufes for them than have been 
yet difcovered. 


CHAP. XL. 

Of the Scales of Fifiies. 

T he Scales or outfde Coverings of Fijhes 
are formed with furprizing Beauty and 
Regularity; and in different Kinds of them, 
exhibit an endlefs Variety in Figure and Con¬ 
texture. Some are longifh, fome round, 
fome triangular, fome fquare, and fome or 
other of all Shapes we can well imagine. 
Some, again, are armed with fliarp Prickles, 
as thofe of the Pearch, Soaly &c. Others 
have fmooth Edges, as of the Cod-Fijh, Carp, 
Tenchy &c. There is likewife a great Varie¬ 
ty even in the fame Fifh; for the Scales ta¬ 
ken from the Belly, the Back, the Sides, the 
Head, and all the other Parts are very dif¬ 
ferent from one another. And, indeed, for 
Variety, Beauty, Regularity, and the Order 

of 
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of their Arrangement, the Scales of Filhes bear 
a near Refemblance to the Feathers on the 
Bodies and Wings of Moths and Butterflies. 

Thefe Scales are not fuppofed to be fhed 
every Year -f, nor during the whole Life of 
the Fifh ; but to have an annual Addition 
of a new ^cale^ growing over and extending 
every Way beyond the Edges of the former, 
in Proportion to the Fifh’s Grow;th; fome- 
what in the fame Manner as the Wood of 
Trees enlarges yearly by the Addition of a 
new Circle next the Bark. And as the Age 
of a Tree may be known by the Number of 
Ringlets its Trunk is made up of, foin Fifhes 
the Number of Plates compofing their Scaki 
denote to us their Age. It is alfo probable, 
that as there is a Time of Year when Trees 
ceafe to grow, or have any farther Addition 
to their Bulk, the fame Thing happens to 
the Scales in Fidies j and that, afterwards, 
at another Time of Year, a new Addition, 
Increafe or Growth begins. Somewhat like 
this in Birds and Beafts their Feathers and 
Hairs demonRrate. 

Mr. Leeuwenhoek took fome Scales 
from an extraordinary large Carp^ forty-two 
Inches and a half long, and thirty-three and 
a quarter in the Round, Rynland Meafure, 


t Vid. Leeuwen. Epift, Phyfiol. Efi/t. 24. Mali 1716. 

which 
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which were as broad as a Dollar. Thefe he 
macerated in warm Water to make them 
cut the ealier : and then cutting obliquely 
through one of them, beginning with the 
fii ft form d and very little Scale in the Cen¬ 
ter, he, by his Microfcopey plainly diftin- 
guiftied forty Lamellee or Scales^ glewed as it 
were over one another; whence he concluded 
that the Fifli was forty Years of Age ■*. 

It has generally been imagined that an 
Eel has got no Scales ; but if its Slime be 
wiped clean away, and the Skin be examin’d 
by a Micro/copCy it will be found covered 
with exceeding fmall Scales^ ranged in a 
very orderly and pretty Manner ; and I be¬ 
lieve few Fifties, unlefs fuch as have Shells, 
are to be found without Scales. 

The Way of preparing Scales^ is, to take 
them off carefully with a Pair of Nippers, 
wafti them very clean, and place them in a 
fmooth Paper, between the Leaves of a 
Book, to make them dry flat, and prevent 
their (hrivelling up. Then place them be¬ 
tween your Talcs in Sliders, and keep them 
for Examination. 

The Snake, the Viper, the Slow-worm, 
the LizArd, the Efty (Sc. afford a further 
Variety of Scales. 


CHAP„ 


t Anan. Nat. Tom. III. p. 214. 
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CHAP. XLI. 

Of the Oyster. 

JN the clear Liquor of an Oy/ier many little 
round living Animalcules have been found, 
whofe Bodies being conjoined formed fpheri- 
cal Figures with Tails, not changing their 
Place but by finking towards the Bottom, as 
being heavier than the Fluid: Thefe were 
leen fometimes feparating, and prefently af¬ 
terwards coming together and joining them- 
felves again. In other Oyflers Animalcules 
of the fame Kind were found, not conjoined, 
but fwimming by one another, whence they 
feemed in a more perfect State, and were 
fuppofedby Mr. Leeuwenhoek to be the 
Animalcules in the Row or Stemen of the 
Oyjier, ^ 

A Female Oyjler being opened, incredible 
Multitudes of minute Embryo~QyJlers cover’d 
with little Shells perfectly tranfparent were 
plainly feen therein, fwimming along flow- 
ly: in another they were found of a brown- 
ifh Colour without any apparent Life or Mo¬ 
tion. Monfieur Joblot kept the Water 
running from Oyjiers three Days, and it ap¬ 
peared full of young Oyfters that fwam a- 


f Arc. Nat Tcm, U. Par. I. p, 52, Ajjain,p. 145. 

bout 
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bout nimbly, and increafed in Bignefs daily. 
A Mixture of Wine, or the very Vapour of 
Vinegar killed them. 

In the Month of Aiigujl Oyllers are fup- 
pofed to breed, becaufe young Ones are then 
found in them. Mr. Leeuwenhoek 
open’d an Oyfter on the fourth of Auguji, 
and took out of it a prodigious Number of 
minute Oyfters^ all alive, and fwimming 
briikly in the Liquor, by the Means of certain 
exceeding fmall Organs extending a littleWay 
beyond their Shells, which he calls their 
Beards, In thefe little Oyjiers he could dif- 
tinguifli the joining of the Shells, and per¬ 
ceived fome that were dead, with their Shells 
gaping, and as like large Oyjiers in Form, as 
one Egg is like another. 

As for the Size of thefe Embryo-OyJlers, 
he computes, that one hundred and twenty 
of them in a Row would extend an Inch; 
and, confequently, that a globular Body 
whofe Diameter is an Inch, would, if they 
were alfo round, be equal to one Million 
feven hundred and twenty eight thoufand of 
them. * He reckons three or four Thou¬ 
fand are in one Oyfter^ and found many of 
the Embryo-OyJlers among the Beards, fome 
faftened thereto by {lender Filaments, and 


* Vid. Arc. Nat. Tom. IV. p, 513, 


Others 
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others lying loofe. He likewife found other 
Animalcules in the Liquor five hundred 
times fmaller than Embryo-Oyflers. 


CHAP. XLII. 

Of the Light on Oysters. 

IT is not very uncommon to fee on the Shells 
ofOyfterSjWhen in the Dark, a Jhining Mat¬ 
ter or blewijh Light like tjbe Flame of Brim- 
ftone, which flicks to the Fingers when touch¬ 
ed, and continues fhining or giving Light a con- 
fiderable Time, though without any fenfible 
Heat^. Monf. Auxaut obfervedthis Jhining 
Matter with a Microfcope^ and difcovered it 
to confifl of three Sorts of Animalcules. The 
firft whitifli, having twenty-four or twenty- 
five Legs on each Side, forked; a black 
Speck on one Part of the Head; the Back like 
an Eel with the Skin ftrip’d off. The fecond 
Sort red, refembling the common Glow-’worm^ 
with Folds on its Back, but Legs like the 
former, a Nofe like a Dog’s, and one Eye in 
the Head. The third Sort fpeckled, a Head 
like a Soal, with many Tufts of whitifli 
Hairs on the Sides thereof. He faw alfo 
fomemuch larger, and greyifli, having a great 


* Vid . Phi!. Tranfgft. Numb. iz . 
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Head, 
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Head, two Horns like a Snail’s, and fix or 
eight whitiih Feet: but thefe (hined not. 

As the Bodies of Lobflers and fomc other 
Kinds of Fifhes, tainted Flefh, rotten Wood, 
and other Subftances are fometimes found to 
fiiine with a Light refembling the foregoing, 
may it not probably proceed from the fame 
Caufe, viz. from Animalcules ? Some have 
alfo fuppofed, that the Ignis fatuusy Will-in- 
a-Wifpy or Jack-a-Lanthorny is nothing elfe 
but a Swarm of minute flying Infeds, that 
emit Light around them in the manner Glow¬ 
worms do: and indeed the Motions, and fe- 
veral other Circumftances of this Sort of Fire, 
(if I may fo term it,) feem favourable to fuch 
Opinion. 

The curious will judge it proper to exa¬ 
mine this Matter carefully, and to them it is 
fubmitted. 


CHAP. XLIII. 

Of the Muscle. 

T Have obferved already, in the I2yth Page 
of this Treatife, that a Mufcle is a mofl: 
delightful Objed for xht Microfcofe^y and 
that in the tranfparent Membrane, adhering 
on either Side to the Fore-part of each Shell, 
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die Blood may be feen circulating through 
an amazing Number of VelTels, even in the 
fmalleft Particle of it that can be applied for 
Examination. 

Mr. Leeuwenhoek, in feveral that he 
diffedted, difcovered Numbers of B,ggs or 
Embryo-Miifcles in the Ovarium^ appearing 
as plainly as if he had feen them with the 
naked Eye, lying with their {harp Ends 
faftened to the Strings or Veflels whereby 
they receive Nourifhment, Thefe minute 
Eggs or Embryo-Mufcles, are, in due Time, 
laid or placed by the Parent, in a very re¬ 
gular and clofe Order, on the Outiide of 
the Shell; where, by means of a glewy Mat¬ 
ter, they adhere very faff, and continually 
increafe in Size and Strength, till becoming 
perfedl Mufcles^ they fall off and fhift for 
themfelves, leaving the Holes where they 
were placed behind them. This abundance 
of Mufde-Shells viewed by the Microfcope 
can {hew. Sometimes two or three Thou- 
fand of thefe Eggs adhere to the Shell of one 
Mufcle j but ’tis not certain they were all 
fix’d there by the Mufcle itfelf, for they fre¬ 
quently place their Eggs on one another’s 
Shells. The fring’d Edge of the Mufcle, 
which Mr. Leeuwenhoek calls the Beard, 
has in every the minuteft Part of it fuch a 
Variety of Motions, as is unconceivable: fof 
being compofed of longilli Fibres, each Fibre 
has on both Sides a vaft many moving Par- 
R 2 tides, 
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tides, which one would almoft imagine to be 

Animalcules ‘I*. 

The Threads or Strings, which we term 
the Beard, are compofed of a Glew which 
the Mufcle applies by the Help of its Trunk 
to fome fix’d Body, and draws out as a Spi¬ 
der does its Web, thereby faftening itfelf, 
that it may not be wafhed away. If Mufcles 
be put into Salt and Water, we may have 
the Pleafure of feeing them perform this 
Work, and fallen themfelves to the Sides or 
Bottom of the Vefiel we place them in. 

Cockles, Scallops, Limpets, Perriwinkles, 
and Abundance of other Shell-Fifh, are Ob- 
jedls that have as yet been very flightly ex¬ 
amin’d by the Microfcope ; and, therefore, 
the ferious Enquirer into Nature’s fecret 
Operations may here be certain of difcover- 
ing Beauties which at prefent he can have no 
Conception of. 


4 Phil. Tranfadl. Numb. 336. Arc. Nat. Tom. 11. p. 
19. &c. Tom. IV. p. 423. &c. 
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CHAP. XLIV. 

O/' H A I R S. 

T H E Hairs of Animals are very diffe¬ 
rent in their Appearance before the 
Mlcrofcope, and can furnifh out a great Va¬ 
riety of pleafing Obfervations. Malpighi 
difcovered them to be tubular, that is, com- 
pofed of a Number of extreamly minute 
Tubes or Pipes, in his Examination of a 
Horfe’s Main and Tail, and in the Bridles 
of a Boar. Thefe Tubes were mod didin- 
guifhable near the End of the Hairs, where 
they appeared more open: and he fometimes 
could reckon above twenty of them. In 
the Hedge-Hog’s Prickles, which are of the 
Nature of Hairs, he perceived thefe Tubes 
• very plainly, together with elegant medullary 
Valves and Cells. 

There are alfo in the Hairs of many Ani- 
^mals, in fome tranfverfe, in others fpiral 
Lines, fomewhat. of a darker Colour run¬ 
ning from Bottom to Top in a very pretty 
Manner. A ^ Moufe’s Hairs are of this 
Sort, they appear as it were in Joints like 
the Back-bone, are not fmooth but jagged 
on the Sides, and terminate in the (harped 
Point imaginable. Hairs taken from a 


V}i. Arcan. Nat. Tom. HI- p*47* 

R 3 Moufe’s 
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Moufe’s Belly are leaft opake, and fitted; for 
the Mifcrofcope. 

The Hairs of Men, Horfes, Sheep, 
Hogs, ^c. are compofed of fmall, long, tu¬ 
bular Fibres, or fmaller Hairs encompafied 
with a Rind or Bark; from which Strudure 
a fplit Hair appears like a Stick fhiver’d with 
beating. They have Roots of different 
Shapes in different Animals,become lengthen’d 
by Propulfion, and are thicker towards the 
End than at Bottom. 

Hairs of Indian Deer are perforated from 
Side to Sidej our Englip ones feem cover’d 
with a kind of fcaly Bark. The Whifkers 
of a Cat, cut tranfverfly, have fomewhat in 
the Middle like the Pith of Elder. * The 
Quills of Porcupines or Hedge-Hogs have 
alfo a whitifh Pith in a ftar-like Form : and 
a human Hair cut in the fame Manner fhews 
a Variety of Veflels in very regular Figures. 

Hairs taken from the Head, the Eye¬ 
brows, the Noftrils, the Beard, the Hand, 
and other Parts of the Body appear unlike 
as well in the Roots as in the Hairs them- 
felves, and vary as Plants do of the fame 
GenuSi but of different Species. 


* Hoo k’s Microg. p. J57. 


CHAP. 
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CHAP. XLV. 

Of Farina of Flowers. 

H E Farina^ or mealy Powder^ found 
-*■ on the little pendant Tops of almoft 
every Flower, is fomewhat fo analagous to 
the Semen of Animals, that it deferves the 
ftridleft and moft attentive Examination. 

This Powder, whofe Colour is different in 
Flowers of different Kinds, was imagined, 
by former Ages, to be a meet* excrementi- 
tious and unneceflary Part of the Plant; but 
the Microfcope here alfo has made furprizing 
Difcoveries, by fhewing, that all the minute 
Grains of this Powder are regular, uniform 
and beautiful little Bodies, conftantly of the 
fame Figure and Size in Plants of the fame 
Species, but in different Kinds of Plants as 
different as the Plants themfelves. 

It was impoffible to obferve this Order 
and Configuration of the Farine^t without 
concluding, that Providence, which never 
afts in vain, muft intend a nobler Ufe for 
Bodies fo regularly formed, than to be diffi- 
pated by the Winds and loft. This Refledli- 
on drew on farther Examination; and farther 
Examination, by the Help of the fame In- 
ftrument, foon difcover’d, that this Powder 
is produced and preferved with the utmoft 
R 4 Care, 
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Care, in VefTels wonderfully contrived to 
open and difcharge it when it becomes ma¬ 
ture ; that there is likewife a Pijitl, Seed- 
Vejfel^ or Uterus in the Center of the Flower, 
ready to receive the minute Grains of this 
Powder, as they either fall of themfelves, 
or are blown out of their little Cells. And 
Experience, founded on numbcrlefs Experi¬ 
ments, proves, that on this depends entirely 
the Fertility of the Seed : for if the Farina- 
V fels be cut away before they open and 
fhed their Powder, the Seed becomes barren 
and unprodudive. 

This Farina is therefore judged to be the 
Male Seed of Plants, and every litttle Grain 
of its Powder may poffibly contain in it k 
minute Plant of the Species whereto it be¬ 
longs.-- It is wonderful to obferve the vari¬ 

ous Contrivances Nature employs to prevent 
this Powder from being unprontably difper- 
fed, and to afiirt its Entrance into the proper 
Piflil^ Seed-Vejel or Uterus prepared for it. 
The Tulip, for Inftance, which ftands up¬ 
right, has its Pijiil fhorter than the Farina- 
Vefels^ that the Powder may fall diredly on 
it: but in the Martagon, which turns down¬ 
wards, the Pijiil is longer than the faid 
Vejfels, and fwells out at its Extremity, to 
catch the Farina hanging over it, as it 
fheds. 


A Mind 
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A Mind inquifitive into Nature’s hidden 
Beauties, will find inexpreffible Delight in 
examining and confidering the endlefs Va¬ 
riety difcoverable in the Farmce of number- 
lefs vegetable Species. In that of the Mal¬ 
low, each little Grain appears to be an opake 
Ball with Prickles ifiuing from it on every 
Side. The Sun-Flower Farina feems com- 
pofed of flat circular minute Bodies, fharp- 
pointed round the Edges; the middle of 
them appears tranlparent, and exhibits fome 
Refemblance of the Flower it proceeds from. 
The Powder of the Tulip is exadtly Ihaped 
like the Seeds of Cucumbers or Melons. The 
Farina of the Poppy appears like Pearl-Bar¬ 
ley, with a Furrow, as in that, reaching from 
End to End. That of the Lilly is a great 
deal like the Tulip. 

I’ll not anticipate the Pleafure of the Cu¬ 
rious, or take up their Time, in defcribing 
more of thefe Farina^ which every Flower 
they come at prefents to their Examination; 
but advife them, not to negledl the Veflels 
that contain it, for they will find Beauties in 
them alfo fufficient to reward their Pains. 

Gather your Farina in the midfl; of a 
Sunlhiny dry Day, when all the Dew is off- 
be careful not to fqueeze or prefs it, but 
{hake or elfe gently brufh it off with a foft 
Hair Pencil upon a piece of clean white Pa- 

per. 
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per. Then take a fingle Talc or Ifinglafs 
between your Nippers, and breathing on it, 
apply it inftantly to the Farina^ which the 
Moifture of your Breath will make adhere to 
it. If too great a Quantity of Powder 
feems flicking to your Ifinglafs, gently blow 
off a little; if there be not enough, breathe on 
it again, and touch the Farina with it a& 
before. Then put your Glafs into the Hole 
of a Slider, and apply it to the Microfcope to 
fee if the little Grains are fpread according to 
your liking, and when you find they are, 
cover them cautioufly with another Talc, 
which fallen down with a brafs Wire; but 
let not the Glafies prefe hard upon the Fa¬ 
rina^ for that will deflroy its true Figure, 
and reprefent it different from what it is. 

A Colledlion of the mofl remarkable 
Farina thus preferved mufl be a lafling 
Entertainment to thofe who fludy Na¬ 
ture : to fuch I alfo recommend a diligent 
Examination of the little Cells that con¬ 
tain the Farina^ and likewife of the Pifih 
or Uteri and other Parts of Generation in 
Flowers. Let them only begin with the 
Arch-Angel, or blind Nettle with a white 
Flower, or even with the common Mallow, 
and they will difeover Beauties impoflible to 
be deferibed. And as every other Flower 
has Organs for the fame Purpofe, though of 
a different Form and Structure, here are 
Wonders 
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Wonders in abundance for the Mkrofcope to 
difcover, and happy the Man who can find 
mofi; Leifure to explore thefe Worlds as yet 
unknown! 

I {hall add only one Obfervatlon more be¬ 
fore I leave this Head, which is, that as the 
Animalcules in Semine differ not i nBipefs 
according to the Size of thofe Animals 
whence the Semen comes: fo the minute 
Grains compofing the Farina of Vegetables 
are not bigger or lefs in Proportion to the 
Size of the Plants producing them, but are 
often the diredt contrary j as we find by 
the Farina of the little creeping Mallow, 
the Globules of which are larger than thofe 
of the lofty gigantick Sun-flower. 


CHAP. XLVI, 

Of S EE DS. 

E ach Seed includes a Plant: that Plant, again. 

Has other Seeds which other Plants contain: 
Thofe other Plants have all their Seeds; and, thofe. 
More Plants, again, fuccelfively, inclofe. 

Thus, ev’ry fmgle Berry that we find. 

Has, really, in itfelf whole Forefts of its Kind. 
Empire and Wealth one Acorn may di^enfe. 

By Fleets to fail a thoufand Ages hence; 

Each Myrtle-Seed includes a thoufand Groves, 
Where future Bards may warble forth their Loves. 

So 



252 Of Seeds. 

So Adam’s Loins contain’d his large Pofierity, 

All People that have been, and all that e’er fliall be. 

Amazing Thought! what Mortal can conceive 

Such wond’rous Smallnefs!-Yet, we muft believe 

What Reafon tells: for Reafon’s piercing Eye 
Difeerns thofe Truths our Senfes can’t defery. 

I hope to be excufed for borrowing the 
Lines above from a little Poem of my own, 
called the XJniverfe, publilhed fome Years 
ago ; as they contain a Suppofition, which, 
however chimerical it may appear at firft, 
will, if duely confidered, be found, per¬ 
haps not only poffible, but even highly pro¬ 
bable. Malpighi, L E EUWE N H oE K, 
Hooke, Grew, and feveral others bear 
Witnefs, that the Microfeope has difeover’d 
minute Plants not only in the larger Seeds, 
fuch as the Walnut, Chefnut, Acorn, Beech¬ 
nut, Seed of the Lime, CottOn-feeds, Peafe, 
&c. but alfo in the fmaller of Rhadilh, Hemp, 
Chervil, Scurvy-grafs, Muftard, and multi¬ 
tudes of other Seeds. About two Years a- 
go, I likewife had the Honour to prefent 
the Diffed-ion of a Seed of the Gramen tre~ 
mulwn, or trembling Grafs, with an Account 
thereof to the Royal Society, wherein a per- 
fed Plant appeared, with its Root, fending 
forth two Branches, from each of which fe¬ 
veral Leaves or Blades of Grafs proceeded. 
Thus far our Sight aififted by the Microfeope 
is able to difeover : and as that Inftrument 
convinces 
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convinces us that Nature in her Operations 
is in no wife confined to our Conceptions of 
Bignefs, but aits as freely in the minute Fa- 
brick of a Mite, as in the bulky Compafs of 
a Whale or Elephant: nay, that fhe rather 
feems to wanton in her Skill, by giving a 
greater Number of Limbs, and more nume¬ 
rous ornaments to the minute Creatures than 
to the larger ones. When thefe Things, I 
fay, are feen and refleited on, it is eafy to 
conceive the reft. 

Moft Kinds of Seeds muft be prepared, in 
order to difcover the minute Plants they con¬ 
tain, by fteeping them in warm Water till 
their Coats can be feparated and their femi- 
nal Leaves opened without Laceration : tho’ 
fome few Sorts may better be dilTedted dry. 
But Seeds even without any Preparation are 
exceeding pretty Objeds, and afford infinite 
Varieties of Figure, Colour and Decoration. 

The Seeds of Strawberries rife out of the 
Pulp of the Fruit, and appear themfelves like 
Strawberries when viewed. 

Poppy Seeds (and what we call Maw- 
Seeds, which come from Germany^ and arc 
produced by a Kind of Poppy) in Shape re- 
femble little Kidneys : but have Furrows or 
Ridges on their Surfaces curioufiy- difpofed 
with regular Sides and Angles. From thefe 
Seeds a Duft may be fhaken, that looks a- 
greeable enough when brought before the 
Microfcope ; 



254 or ^^eds, 

Microfcope j having nearly the fame Appear¬ 
ance as the Surfaces of the Seeds, with the 
Advantage of being tranlparent. ThisDuft 
is really the fine Membranes that lay between 
the Seeds-, which, by the Preffure of the 
Seeds againft them, have received Marks 
correfponding to the Ridges or Furrows on 
the Seeds themfelves. 

Seeds of the lefiTer Moonwort, of Tobacco, 
Lettice, Thyme, Chervil, Parfley, and a thou- 
land others, aiford a delightful Entertainment. 

The Ancients imagined the capillary Plants 
and many other Kinds to produce no Seeds 
at all, and their Miftake could never have 
been redified by the naked Eye: but the 
Microfcope has difeovered, that all the feve- 
ral Species of Fern, Harts-Tongue, Maiden- 
Hair, ^c. are fo far from being barren in 
this Refped, that they are amazingly fruit¬ 
ful : that the Seed-Velfels are on the Backs 
of the Leaves, and that the Duft which flies 
off when we meddle with them, is nothing 
but their minute Seeds. Thefe Seed-Veflels 
appear to the naked Eye like a black or 
brown Scurf on the Backfide of the Leaf 
but, when viewed by the Microfcope^ refem- 
ble little circular Tubes, divided into many 
Cells, containing Seeds. When the Seed is 
ripe, the Veffels fly open with a Spring, and 
fpirt the Seeds out on every Side, in the 
Form of Duft; and if at that Seafon fome 
of the Leaves are put in a Paper Cone, and 
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that be held to the Ear, the Seed Veffels may 
be heard to burft with a confiderable Noife. 
Some of thefe minute Veffels contain at leaft 
an Hundred Seeds, invifible to the naked Eye. 

It would be tedious to enumerate the Beau¬ 
ties of Seeds, fince every tranfient Obferver 
muff be fenfible of their great Variety : but 
I believe I (hall be excufed, if I take Notice 
of the Powder or Seed of the Fungus PuF 
•uerulentusorPuff-BalU which, when crulh’d, 
feems to the naked Eye like a Smoke or 
Vapour j but when examined by one of the 
greateft Magnifiers (for elfe it cannot be 
diftinguilhed) it appears to be infinite Num¬ 
bers of little Globules, of an Orange Colour, 
fomewhat tranfparent, whofe Axis is not a- 
bovc the fiftieth Part of the Diameter of a 
Hair: fo that a Cube of a Hair’s Breadth 
Diameter would be equal to an hundred and 
twenty-five thoufand of them. This was 
the Powder of a Fungus bigger than twoFifts; 
but in another Sort the Size of a fmall Apple, 
the Globules were of a darker Colour, and 
had each a little Stalk or Tail Thefe are, 
evidently, fo many minute Puff-Balls^ fur- 
nilhed with Stalks or Tails to penetrate ealily 
into the Ground ; and the Mifchief they do 


* Vid. Philofoph. Tranfaft. Numb. 
Phvf, Theol. p. 418. 


284. and Derham’s 
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the Eyes is probably owing to their fliarp 

Stalks that prick and wound them 

CHAP. XLVII. 

(^Leaves. 

^ I '^HE Leases of Trees or Plants are full 
of innumerable Veins and Ramifica¬ 
tions, that convey the perfpirable Juices to 
the Pores, for their Difcharge. Whether or 
no there be any Circulation in them is ftill a 
Matter of Doubt; but as their Juices, when 
let out, immediately break, coagulate and 
become a ftilf Jelly, it feems probable there 
may be fome Circulation whi(^ prevents the 
fame EfFeCt in the Vefiels. The hidden 
ilirinking, ciofing, and opening of Flowers, 
the raifing and finking the Heads of Poppies, 
(Sc. the vermicular Motions of the Veins of 
Plants when expofed to the Air, feem alfo to 
imply fomev,?hat like Senfation. The Mi- 
crojcope may perhaps be of Service to difcover 
much more on thefe Subjed'S than we yet know. 

J A Puff-Ball being burft near the Eyes of a Boy of 1 z 
Years old, by an unludcy Play-fellow, and the Dull thereof 
flying into theni,occafioned fuch Swelling, Inflammation, and 
intenfe Pain, with a continual Difcharge of Water, that he 
could not open them for feveral Days; and did not recover 
his Sight in lefs than a Fortnight, tho’ all the Remedies that 
could be thought on were applied. Fltl. Joh. Mu y’s Prax. 
chirur. ration, Obf. I. 


Mr. 
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Mr, Lek uwenhoek tearing to Pieces a 
Leaf of the Species of Box called Palma 
Cereris, that he might examine it the better, 
computed one Side of it to befarniilied wirh 
an hundred feventy two thoufand and ninety 
Pores: and as the other Side mufl have as 
many, the whole Number of Pores in a fmgle 
Leaf of Box will be three hundred forty four 
thoufand one hundred and eighty. 

The Leaves of Rue feem full of Holes like 
a Honey-comb j all the Kinds of St. John^ 
appear likewife ftuck full of Pin-Holes, 
to the naked Eye; but the Microfcope fhews, 
that the Places where thofe Holes feem to be, 
are really covered with an exceeding thin and 
white Membrane. 

The Backfide of the Herb Mercury looks 
as if rough-caft with Silver, and the Ribs full 
of white round tranfparent Balls, like num- 
berlefs Grapes, faftened by (lender Footftalks. 

A Sage Leaf appears like Rug or Shag, 
full of Knots tallel’d with filver Thrums, and 
embellidied with fine round cryftal Beads or 
Pendants faftened by little Footftalks, 

_ The Backfide of a Rofe Leaf but efpe- 
cially of Sweet Briar^ looks diaper’d wirh 
Silver 

Every Body knows that the Leaves of 
Stinging Nettles are thick fet with (harp 

* Dr. Vow'E.K'i Microfcop. Qfiftrvat. 

^ Pricklss, 
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Prickles, that penetrate the Skin when 
touch’d, andoccafion Pain, Heat and Swel¬ 
ling : which Symptoms were imagined, for¬ 
merly, to enfue from the Prickles being left 
in the Wounds they make. But the Micro- 
/cope difeovers fomething much more won¬ 
derful in this common Vegetable, and (hews 
that its Prickles are formed and a6t in the 
fame Manner as the Stings of living Animals. 
For every one of them is found to be a rigid 
hollow Body, terminating in the mofl; acute 
Point imaginable, with an Opening near its 
End. ^ At the Bottom of this Cavity lies 
a minute Veflel or Bag, containing a limpid 
Liquor, which, upon the lead touching of 
the Prickle, is fquirted through the little Out¬ 
let j and, if it enters the Skin, produces the 
Mifehiefs before-mentioned by the Pungency 
of its Salts. Hence it comes to pafs, that 
when the Leaves of Nettles are conliderably 
dried by the Heat of the Sun, they (ling but 
very little: whereas fuch as are green and 
juicy produce violent Pain and Inflammation. 
But the quite contrary to this would happen, 
if the Symptoms were only owing to the 
Breaking of the Prickles in the Fiefh: fince, 
when dry, they muft be more brittle, as well 
as more rigid, than when they abound with 
Juice. 


* Hook’s Microgr. p. 142. Arc. Nat. Tom. I. Par. III. 
png. 107. 

^iiere. 
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^ere. Are there any Valves in the Vef- 
fels of Vegetables, as in thofe of Animals, 
to let the Juices pafs, but hinder their Re¬ 
turn .? 


CHAP. XLVIII. 

Of Salts in General. 

1 T is I think agreed, that all Bodies have 
JL their Salts ; from whofe different Confi¬ 
gurations and Impreffions many wonderful 
Changes are effedte J both in Solids and Fluids, 
in things animate and inanimate. Saline 
Particles ftriking upon the Nerves of Ani¬ 
mals excite the Senfations of Tafle and Smell; 
and as their Forms and Degrees of Impulfe 
are almoft infinitely diverfified, the Senfi- 
bility of Pain or Pleafure arifing therefrom 
mufl be vary’d almofi: infinitely, according 
to the greater or lefs Delicacy of the Organs 
they ftrike upon.—It is therefore of great 
Confequence to difcover what we can about 
them. 

The Mtc^rofaope fhews, that Vinegar owes 
its Pungency to multitudes of floating ob¬ 
long quadrangular Salts, each of which, ta¬ 
pering from its Middle, has two exquifitely 
S 2 Iharp 
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iliarp Ends. Thefe Salts being inexpreffibly 
Minute, can hardly be difcovered, unlefs a 
Drop or two of Vinegar be expofed for 
fome Hours to the Air, that the more wa¬ 
tery Part may evaporate, before we attempt 
to view them. 

Their Shape appears, Plate XIV. Fig. I. 

If Crabs Eyes are infufed in Vinegar^ 
after the Effervefcence is over, the Shapes of 
the Salts will be found quite altered 3 their 
iliarp Points feem broken off, and they ap¬ 
pear in diiferent fquare-like Forms, as at 
Fig. II. 

In Wines of feveral Kinds the Salts are 
diftinguiiliable, of various Figures, many of 
them refembling thofe in Vinegar^ but with 
Ends much more obtufe : Some are iliaped 
like a Boat, fomc like a Spindle, others like 
a Weaver’s Shuttle, and others fquare: there 
are alfo infinite Varieties of other Forms. 

The Salts of Sugar candy’d are ihewn 
Fig. HI. 

Vegetable Salts are .to be extraded by 
burning the Wood, Stalks, or Leaves of any 
Tree, or Plant.; throwing the Aihesinto Wa¬ 
ter; then filtering, and fetting the Liquor 
to cryfiallize in a cold Place. Their Oils 
alfo, when examin’d, prefent abundance of 
Salts. 

The Salts of Minerals or Metals are to be 
come at, by quenching them, when red hot, 
in Water, then filtering, evaporating, and 
cryfiallizing. 





■ihI 


n 

n 

■. 


1^ 


KH 



rr ^ ^ 



JL p. 2fo. 

^ SI 






26 j. 

F^. vr.;r.2%. 









Of Salts in General 261 

Pretty Salts for Obfcrvation are, Pot-afli, 
Englijh and Ridjfian : Salt of Wormwoodj 
Camphire, Salt of Tartar, Salt Armoniac, 
Salt of Hartfborn, Salt of Amber, &c. They 
fliould be examined firft in their dry or 
cryftallized State, and afterwards diflblved in 
a very fmall Quantity of fome tranfparent 
Fluid. 

The Salts found in all Bodies when fe- 
parated by Fire, feem as fo many Pegs or 
ISlails*, penetrating their Pores, and faden- 
ing their Parts together ; but as Pegs or Nails 
when too large, or too numerous, ferve on¬ 
ly to fplit and rend afunder ^ Sait^, by the 
fame Means, oftentimes break, feparate and 
diffolve, indead of joining and making fad. 
They indeed are meerly Indruments, and can 
no more acd upon or force themfelves into 
Bodies, than Nails can without the Stroke 
of a Hammer j but they are either driven 
on by the PrelTure of other Bodies, or by 
the Spring of the Air impelling them. As 
Salts enter the Pores of all Bodies, TFafer 
infinuates between the Particles of Salt: fe- 
parates or didblves, and fudains them in its 
Interdices, till by being in a State of Red they 
precipitate-, and form themfelves into Mades. 
By this didblving Power, Water becomes the 


♦ YidicSpeaacU dt la Nat. Dial. XXVI. 
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Vehicle of Salts^ and conveys them into the 
Pores of Bodies, where it leaves them to 
execute their proper Office. 

Mod; forts of Ammal and Vegetable Salts 
are likewife, probably, diffiolved by the Jui¬ 
ces of the Stomach, before they enter the 
Blood, or they would occafion great Mifr 
chiefs: and the Difficulty of dilTolving fome 
mineral Salts., or breaking off their Points in 
the fame Manner, may be the Reafon of 
their dreadful Effeds. 


CHAP. XLIX. 

Of Salts in Mineral Waters. 

I ' H E Microfcope may be of great Service 
to determine by ocular Examindion, 
what Kinds of Salts our medicinal Springs 
are charged with, whence to form a Judg¬ 
ment in what Cafes their Waters may be 
drank to Advantage. 

The four Kinds o^foJJ^le Salts., bed; known, 
are, according to Dr. -f- Lister, Vitriol, 
Alum, Salt~petre, and Sea-Salt: whereto 
he adds a fifth, lefs known, though more 


f Vide Lister, de Fontibus Medicatis Angliae. 

common 
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common than any, nsiz. Calcarious Salt^ or 
Niter. 

Green Vitriol is produced from the Iron 
Pyrites. When mature and perfect, its 
Cryftals are always pointed at each End, 
and conlift of ten Planes with unequal Sides: 
that is, the four middle Planes are Pentagons, 
and each of the lharp Ends is made up of 
three triangular Planes, as Plate XIV. Fig.^. 

Alum burnt, diffolved in Water, and ftrain- 
cd, affords Cryilals whofe Top and Bottom 
are two fexangular Planes, the Sides round 
which appear compofed of three Planes that 
are likewife fexangular, and three double 
quadrangular ones, placed alternately. So 
that every perfed; Cryftal con lifts of eleven 
Planes, viz. live fexangular, and fix qua¬ 
drangular. Fig. V. 

The Water of our Inland Salt-Springs 
affords Cryftals of an exad cubical Form, 
one Side or Plane whereof feems to have a 
particular Clearnefs in the Middle, as if fome 
Deficiency were in that Place; but the other 
live Sides are white and foHd. See Fig. VI. 

Sal Gem, diffolved, flioots into the like 
cubic Cryftals. 

Sea-Water boiled to Drynefs, and its Salt 
diffolved again in a little Spring Water, gives 
Cryftals alfo that are cubical, but remarka¬ 
bly different from thofe laft defcribed : for 
in the Cryf ah of Sea-Salt, all the Angles 
of the Cube are feemingly cut off, and the 
S 4 Corners 
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Corners left triangular ; (fee Fig XI. XI.) 
waereas the Salts of our Inland-Springs 
have all their Corners lharp and perfect: as 
Itg. VI. . 

NiterSalt-petref(\\<:>vt^ itfelf into long 
flender fexangular Cryftals, vvhofe Sides are 
Parallelograms. One End conftantly termi¬ 
nates either in a pyramid-like Point, or elfe 
in a flvarp Edge, according to the Pofitioii 
of the Sides of two unequal Planes. The 
other End is always rough, and appears as if 
broken. Fig, VJI. VII. 

The mofl; general, though leaf! noted of 
all the fo^ile Salts amongft us, is a Kind of 
Wall or calcarious Niter, ox Lime-Salt, which 
may be colleaed from the Mortar of anci¬ 
ent Walls j and is, as Dr. Lister fuppofes, 
what a great Part of the Earth and Mountains 
confift of Its Cryflals are flender and long, 
the Sides of them four unequal Parallelo¬ 
grams : their Point at one End is formed 
of two Planes with triangular Sides; the 
other End terminates in two quadrangular 


* We are well affured, that in France, it is the common 
Praftice, for thofe who have the Superintendency of the 
King’s Saltpetre Works, to amafs vaft Quantities of the 
Mortar and Rubbifh taken from old Buildings; whence, by 
proper Management, they extract abundance of this calcari- 
cus A ter. And when they have got all they can from it, 
by lettingit lie together for fome Years, it becomes impreg¬ 
nated anew, and affords almolt as much as it did at firll. 

Planes : 
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Planes: though both Ends are leldom to be 
found unbroken.—Of this Salt fome is feen 
with five Sides, and all the other Varieties 
may be found m it which are fliewn Fi^. 
VIII. 1.2. 3. f 5. 6. 7. 

Unripe, or imperfedt Vitriol, is a white 
Salt, whofe Cryflals are Cubic Rhomboides: 
as Fig. IX. 

The Cryftals of our Inland Salt-Springs^ 
not yet arrived at Maturity and Perfedtion, 
are formed like Fig. X. 

The Particles of each of thefe particular 
Salts, either in falling one upon another, or 
uniting on one common Bafe, form them- 
felves into Maffes, which are invariable, and 
always of the fame regular Figure ; but it 
is befl to examine them in the fmalleft Maf- 
fes, their Shape being there moft perfedt and 
diftindf. 


CHAP. L. 

Mifcellaneous Discoveri es and 
Observations. 

TT has been urg’d by fome in behalf of 
^ fpontaneous Generation, that Worms are 
found in the human Bowels, of a Figure 
feen no where elfe, and therefore that they 
mud be generated there, fpontaneoufly, by the 
2 Slime 
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Slime and Heat of the Inteftines: for if they 
proceed from Parents of their own Kind 
without the Body, and get into it hy Acci¬ 
dent, either in the Egg or any other State, 
where are thofe Parents found ?—This feems 
a very ftrong Objection; but the Microfcope, 
I believe, can enable us to anfwer it. 

Worms found in the human Body are of 
three Kinds, mz. the Afcarids-^^ or little^ 
Jharf, Jlender Maggots, fo nearly refembling 
a Sort frequently met with in warm moift 
Places, under rotten Wood, that they 
may reafonably be fuppofed the fame.—The 
‘Teretes,Rotundi, or long round Worms, which 
are evidently the Species of Earth-worms 
found commonly in Dunghills and Hot- 
Beds j whofe Degree of Warmth is pretty 
equal to that of the human Bowels. And 
the Latiy Fafcice, Tape-worms or 'Joint- 
worms, which are broad, hat, full of Joints, 
and fometimes of a monftrous Length, ex¬ 
tending many Yards along the Inteftines.— 
This is the Animal faid to be found no where 
elfe : but the Microfcope has very happily 
difcover’d Worms of the fame Figure ex- 
adly, and diftering in Size only, in the In- 
teftines of 'Eels, fo fixt as not to be removed 
without great Difficulty, but contradling 
and dilating themfelves very agreeably^.They 


* Arc. Nat. Tom. IV. p. 367. 


arc 
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are of an incredible Length in comparifon of 
their Breadth, and when con trailed become 
fix times broader than when extended. There 
are Tape-JVorms lilcewife in the Bowels of a 
Turbut, though fhorter than thofe in EelSy 
with a Head not quite the fame. They are 
fixed to the Guts by a kind of Hooks which 
they have in their Mouths, and are not to be 
got off but by holding the Tail with one 
Hand, and feparating the Head from the In- 
teftines with a Needle. 

Having found thefe Worms in the Inteftines 
of FiJJjes, let us now confider how they could 
get there. And, ’tis probable, they are natu¬ 
rally Water-Animals, whofe Eggs or Young 
Ones getting into the Stomach with the Wa¬ 
ter or the Food, become hatch’d or nourifh- 
ed there. In the fame Manner they may 
alfo be introduced into the Stomach of other 
Animals : and their Difference of Size in 
one or the other may arife from the different 
Degrees ofHeat, and the KindsofNourifhment 
they meet with.—Three other Sorts of Worms 
are alfo found in the Inteflines of Eels. Carp 
are likewife fubjedt to Worms which make 
them very lean, and fo is the There 

are two Sorts of niohite Worms in the Whit- 
mg ; and the Microfcope may difcover them 
perhaps in every other Kind of Fifh j nor 
can we wonder at it, when we refledl how 
liable Fifhes mufl he to fwallow the Eggs or 

Young 
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Young Ones of whatever Infects are Inha¬ 
bitants of the Waters. 

2. There are frequently, in the Liver of 
Sheep, Animalcules, fhaped like the Seed of 
a Gourd, or rather like a fmall thin Myrtle- 
•Leaf with a very fhort Foot-ftalk. Their 
Colour is whitifh, but numbeilefs branching 
Veffels or minute Canals of a greenifh Yel¬ 
low are difperfed every where about them; 
and a round Hole or Mouth appears near the 
Stalk End. Thefe Creatures are found often 
in the Gall-Bladder^ and in every Part of 
the Liver j where, forming themfelves little 
Cells, they abide in a Liquor that is feeming- 
ly Blood mixt with Gall. 

3. In the Heads of * Stags, Worms or 
Maggots are moft commonly to be met with, 
lodged in a Cavity under the Tongue, near 
the Vertebrae where the Head joins on to the 
Neck. Their Shape is partly Cylindrical, 
being flat underneath, but rounded on the 
upper Side: in Colour white, with many 
femi-annular Rings befet with darkilli Hairs. 
On the Head are a couple of exceeding fmall 
white Horns, which are thruft out or drawn 
in like a Snail’s ; and under them two mi- 


J Vide Red I de Gener. Infeft. p. 302.]' 

Ibid. p. 307. 

nute 
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nute Claws, black, hard and {harp, exciting 
much Itching, and thereby great Uneafinefs. 
They move along by fixing thefe Claws, and 
then dragging up their Bodies to them. 
The End where their Excrements are dif- 
charged has a little Opening, with two black 
Spots refembling a Half-Moon. Twenty or 
thirty are ufually found in one Head, of the 
Size of very large Maggots. 

4. Like to the foregoing, efpecially to¬ 
wards the Tail, but fmaller, lefs vigorous, 

• and not fo hairy, are certain Maggots found 
in the -fHeads of Sheep. Their white Bo¬ 
dies are mark’d acrofs with black Lines, (par¬ 
ticularly the largeft of them:) and two black 
Spots at the Anus, which form a Half-Moon 
in the Worms of Deer, compofe in thefe a 
compleat Circle. They abide mofi: com¬ 
monly in a hollow Part of the Os Frontis 
near the Infertion of the Horns, but are fome- 
times found even in the Nollrils, and in the 
Cavities round the Roots of the Horns. 
Sometimes too they get higher up into the 
Head, and make the Sheep run mad. They 
are lefs numerous than thofe in Deer, being 
feldom more than ten or fifteen. 

5. Early in the Spring Seafon, we (hall fre¬ 
quently find ftickingto Pales of Wood, efpe- 


* \id, Reoi deGewr, Infedt. p. 309, 
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cially very old ones, and fometimes to Walls 
of Brick or Stone, a Sort of h'ttk Worm or 
Maggot, inclofed in a Cafe about the Bignefs 
of a fmall Barley-Corn. If this Cafe be 
viewed, with the Mtcrofcope, it appears cover’d 
all over with a moft delicate Sort of Mofs, in- 
termixt with fine Sand or Earth. At the 
fliarpefl End there’s a little Hole through 
which the Excrements are difcharg’d, and 
at the other a larger Opening, where the 
Creature puts out its Head, and faftens itfelf 
to the Pales or Wall. The included Ani¬ 
mal is all black, about two Lines of an Inch 
long, and three quarters of a Line broad. Its 
Body has feveral Ringlets folding over one 
another. Its Head is large, flat and polifla’d, 
refembling Tortoife-lhell, with fome Hairs 
iflliing from itj and near thereto on each Side 
are three Legs. The Mouth is large, and 
in continual Motion, and from it proceeds a 
{lender Thread or Web: the Eyes are black 
and round. This is a pretty Objed, and 
changes I believe to fome fort of minute Fly, 
tho’ I have not had an Opportunity of mak¬ 
ing the Experiment. 

6. Nothing is more common, in the Be¬ 
ginning of Summer, than to fee the Leaves 
of Peaches, Nedlarincs, and Cherries curled up 
and blighted: which Leaves on Examination 
are found cover’d with little InfeBs, fome 
blackifb, others green; fome winged, and 
2 others 
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others without Wings, Thefe Creatures 
bring forth their Young alive and perfed;, 
and if their Bodies be opened, feveral perfed 

Embryos will be feen therein.-It remains 

a Doubt, whence, and by what means, thefe 
Infeds are conveyed upon the young Iprout- 
ing Leaves, which, at the lame Time, are 
always covered with a glutinous and honey¬ 
like Moifture; but we may hope, diligent 
Obfervations will dilcover this Secret to us. 
Trees in this Condition are vilited by Multi¬ 
tudes of Jlnts ; which hurt not the Trees, 
as fome erroneoufly conjedure, but do tlieni 
Service, by devouring this Vermin that in- 
feds them. 

7. The Ant itfelf is an Objed well worth 
our Notice, being a Creature of a very lin¬ 
gular Strudure. The Head is large, adorned 
vrith two pretty Horns, each having twelve 
Joints. Its Eyes are protuberant and pearl¬ 
ed : it has Jaws faw-like or indented, with 
leven little Teeth that exadly tally, opening 
Side-ways, and able to gape very wide afun- 
der; by the Help whereof it is often feen 
grafping and tranfporting Bodies of three or 
four times its own Bulk and Weight. It is 
naturally divided into the Head, the Bread, 
the Belly or Tail: each of thefe Partsjoyn- 
ing to the other by a very llender Ligament. 
From the Bread-Part, three Legs come forth 
on either Side, The Tail is armed with a 
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Sting, which the Animal ufes only when 
provoked; but then a poifonous Liquor is 
conveyed by it into the Wound, occafion- 
ing Pain and Swelling. The whole Body 
is cafed over with a fort of Armour, fo hard 
as fcarce to be penetrated by a Lancet, and 
thick fet with fhining whitith Briftles. The 
Legs, &c. are alfo cover’d with Hairs, but 
much fmaller and of a darker Colour. 

Upon opening an Ant-Hill, we (hall fee 
them carrying in their Mouths and fecuring 
with great Solicitude fmall whitifli Bodies, 
ufually call’d their Eggs. Thefe, however, 
are not Eggs, but Ants in their Aurelia State, 
each encompafs’d with an Integument of its 
own fpinning. We might have conjedur’d 
this from their Largenefs in Proportion to a 
perfeB Ant, but the Microfeope fully proves 
it, by difeovering to us their real Eggs, of 
an oblong oval Figure, about the Size of a 
Grain of Sand * : ninety whereof would not 
extend the Length of an Inch, nor an hun¬ 
dred and feventy be equal in Bignefs to one 
of thefe Aurelia's inclofed in its Cafe, Thefe 
minute Eggs produce Maggots, which after 
a Time fpin themfelves Coverings, become 
Aureliast and then Ants._ The Parents 
Affedion for their Young in the Aurelia 
State . is fo flrong, that w^hen Danger 


q Vid. L£euwen. Epift. ad Reg. Soc. 9. fep. 1687. 
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threatens, they inftantly run away with them, 
and willfooner die than leave them. There 
are feveral Sorts of Ants differing both in Size 
and Colour i and towards the End of Sum¬ 
mer many of them are feen having four Wings. 
Thefe, Swammerdam fays, are Males-f. 

The French Academy has publifh’d a curi¬ 
ous Account of AntSy whence I fhall abftraft 
fome few Particulars. Every Anfs Nell 
(it tells us) has a ftrait Hole leading into it, 
about the Depth of half an Inch; which, 
afterwards, runs Upping downwards to the 
.publick Magazine, where the Grains they 
colled: are ftored up: and this is a different 
Place from that where they rell and eat. 
---Their Corn being kept under Ground, 
would fhoot and grow, did they not prevent 
it by biting out the Germen or Bud before 
they lay it up: but this they conftantly do, 
for if their Corn be examin’d no Bud will 
be found therein, nor if fowed in the Earth 
will it ever vegetate. Was it, however, to 
lye continually in the Ground, the Moifture 
would occafion it to fwell and rot, and make 
it unfit for Food. But thefe Inconveniencies 
they find means to remedy by their Vigilance 
and Labour, in the following Manner. — 

They gather very fmall Particles of dry 
Earth, which they bring out of their Holes 


f Vid. SwAMMER. Hiji Generals des InfeCl. p. i8^. 

X every 
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every Sunfhiny Day, and place them in the 
Heat. Every one of them brings in her 
Mouth a Particle of this Earth, lays it by 
the Hole, and then goes to fetch another: 
fo that in a Quarter of an Hour a vaft Num¬ 
ber of fuch fmall Particles of dryed Earth 
are heaped round the Hole. Their Corn is 
laid upon this Earth when under Ground, 
and covered with the fame. When thefe 
Particles of Earth are brought out, they fetch 
out their Corn likewife, and place it round 
this Earth, making two Heaps about the 
Hole, one of dry Particles of Earth, and 
the other of Grains of Corn. Laft of all, 
they fetch out the Remainder of their dry 
Earth whereon the Corn was laid. They 
never go about this Work unlefs the Weather 
be clear, and the Sun very hot: but when 
both are favourable they perform it almoft 
every Day. 

The Author of this Account had found 
a Neff of A?2fs in a Box of Earth, {landing 
out from a Window two Stories high; 
whence tliey made Excurfions both upwards 
to the Top of the Houfe, where fome Corn 
lay in a Garret; and downwards into a Gar¬ 
den, which the Window overlook’d. The 
Situation of this Neft obliged them to go up 
or down a great way before they could pof- 
fibly meet with any Thing; but he found, 
notwithflanding, that none of them ever re¬ 
turned empty, but brought a Grain of Wheat, 
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Rye, or Oats, a fmall Seed, or even a Particle 
of dry Earth if nothing elle could be got. Some 
travelled to the farther End of the Garde/,, 
and, with prodigious Labour, brought heavy 
Loads from thence. It requir’d four Hours, 
as he learned by frequent Observation, to car¬ 
ry a pretty large Grain or Seed from the 
Middle of the Garden to the Neft: and he 
computed therefrom, that an Ant works as 
hard as a Man who fhould carry a heavy 
Load twelve Miles a Day. 

The Pains thefe Ants took, to carry Grains 
of Corn up a Wall to the lecond Story, 
climbing all the Way with their Heads down¬ 
ward, muft be exceeding great. Their 
Wearinefs was fl:iewn,by their frequent Stops 
at the moft convenient Places; and fome ap¬ 
pear’d fo fatigued and fpent they could not 
reach their Journey’s End; in which Cale, 
’twas common to fee the ftrongeft Ants^ 
which had carried home their Load, come 
down again and help them. Sometimes 
they were lb unfortunate to fall down with 
their Burdens when juif in Sight of Home: 
but when this happen’d they leldom loft their 

Corn, but carried it up again.-He faw 

one, he fays, of fmalleft Ants carrying 

a large Grain of Wheat with incredible 
Pains. When ftie came to the Box where 
the Neft was, ftie and her Load together 
tumbled back to the Ground. Going down 
to look for her, he found (he had recover’d 
T 2 the 
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•?he Grain, and was ready to climb up again. 
The fame Misfortune befel her three times j 
but file never let go her Hold, nor was dif- 
couragcd; till at laft, her Strength failing, 
fhe was forc’d to flop, and another Ant 
affifted her to carry home her Load to the 
publick Stock. 

How wonderful is the Sagacity of thefe 
Infedts! How commendable their Care, Di¬ 
ligence, and I.abourl How generous their 
Affiftance of one another for the Service of 
the Community! How noble their publick 
Virtue, which is never negledled for the Sake 
of private Interefl! In all thefe Things they 
deferve our Notice and Imitation.—■ A con¬ 
templative Mind will naturally turn its 
Thoughtsfrom the Condition and Government 
of Ant’-Hilis to that of Nations ; and refledt, 
that fuperiour Beings may poffibly confider 
Human Kind and all their Solicitudes and 
Toils, Pride, Vanity, and Ambition, with 
no more Regard than we do the Concerns of 
thefe little Creatures. 

8. Among Pinks, Rofes, and Sun-Flowers, 
there’s to be found, almoft conflantly, a 
little^ lo 7 ig, nimble InJ'eSi fmaller than a Loufe, 
fometimcs creeping, and fometimes leaping. 
It appears in the Mi cr of cope bodied like a 
Walp, with fix or feven annular Divifions: 
it has two fair long black and yellow Wings; 
two Plorns, each rifing from a knobbed 

Root; 
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Root; two black Eyes, and fix Legs. ’Tis 
fo tender the lead; Touch kills it, but a very 
pretty Objed. 

9. A little InfeB is conftantly found in 
the Froth (or Cuckow-Spit as fome call it) 
that hangs on the Leaves of Rofemary, La¬ 
vender, It creeps firft, then leaps, and 
at laft flies. It has fix Feet, with two black- 
ifh Claws at the End of each ; a long Pro- 
bofcis to fuck up its Food, two Horns, and 
a Pair of darkifii red pearled Eyes. The 
Tail ends in a Stump, but by its annular Di- 
vifions can be thrud out or drawn in at 
Pleafure. 

10. There’s yellow InfeB on Sy¬ 

camore Leaves, with fix Legs, running very 
nimbly. The Eyes are red, prominent and 
pearled; the Horns are flit, and forked at 
the Ends. At fird it has^ no Wings, but 
near the Shoulders are two little Protuber¬ 
ances, whence two long Wings come forth 
when it turns into a Fly or Locud. It is 
hairy towards the Tail. 

11. A fmall white oblong InfeB dicks to 
the Ribs on the Backfides of Rofe-Tree 
Leaves, towards the End of Summer, which 
turns into a little yellow Locud that fkips 
about the fame Tree. In both States it is a 
pretty Objed, 

T 3 


12. There 
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12. There is alfo a greenifh Grafhopper 
or Locufiy on Goofeberry Leaves, Sweet- 
Bryar, and golden Moufe-Ear, in April 
and MaSy with four Legs, two black Eyes, 
a pair of curious Horns, and many other 
Beauties. 

13. In the Water of Ditches there are fre¬ 
quently Numbers of Water-Spiders, not 
larger than a Grain of Sand; they are very 
voracious, hunting about continually for 
Prey: and may be feen by the Microjcope 
catching and devouring other minute Animal¬ 
cules. Some have eight, fome ten Legs, and 
Antejinae jointed like Equifetum or Horfe- 
Tail. 

14. Like wife in /landing Waters we may 
often meet with /lender Eels or Worms, about 
the third of an Inch, and fometimes more, 
in Length. They are full of Joints from 
End to End at large Di/lances from one 
another, have a /harp Head likean JSf/, a large 
Mouth, and two fine black Eyes. The Tail 
terminates in a Tuft of Hairs of a very cu¬ 
rious Stru(fi:ure j the Motions of the Inteftines 
are feen di/lindtly, and the whole Anim^il 
is a delightful Objedl.—- The Blood-red 
Jointed Worm, very common in /lagnant 
Waters, is alfo well defervin^ our Ob/erva- 
tion. 

15. The 
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15. Crane-Fly, calledbyALDROVAND 
Culex maximus, by Swammerdam Fipula 
terrejiris, and by the common People Fa¬ 
ther-long-Legs, affords, in every Part of it, 
agreeable Subjeds of Examination: But the 
Feet are more particularly furprizing, for upon 
diffeding them, in a Drop of Water, the 
flefhy Fibres contrad and diftend, in a Man¬ 
ner not to be imagin’d without feeing it, 
and continue their Motions three or four Mi¬ 
nutes. Mr. Leeuwenhoek found itcon- 
flantly in the Feet of this Creature, but not 
in thofe of any other Infed^., The In- 
teftines are alfo very curious, confiding of 
numberlefs Veffels and Organs, which may 
be feen as plainly by the Microfcope, as the 
Bowels of larger Animals can by the 
naked Eye'f*. The Tails both of the Male 
and Female are of an extraordinary Struc¬ 
ture : that of the Female ends in a fharp 
Point, wherewith flte perforates the Ground, 
and depofites her Eggs under the Grafs, in 
Meadows, 

16. The Multipes, or Scohpe?idra, has a 
very long (lender Body: its Mouth is armed 
with a pair of (harp Forceps, and in hot 
Countries (where they are of a large Size) 


t Vid. Arc. Nat. Tom. III. p. 119. t Tom.IV. 35 *- 
T 4 its 
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its Bite is venomousj but our fmaller Ones 
feem not mifchievous. One I examin’d had 
fifty four Joints, and'from every Joint a Leg 
iflued on each Side, which, with two others, 
at the End of the Tail, larger than the reft’ 
made in all one hundred and ten. When 
the Creature moves along, thefe Legs follow 
one another very regularly, making a pretty 
kind of Undulation, not to be defcribed, 
and giving the Body a fwifter Progreftion 
than one would exped, where fo many Feet 
take fo many fboirt Steps, in turn, one after 
another. There are feveral Sorts of thefe 
Infedls, different in Shape, and in Number 
of Legs, which the Curious will be pleafed 
to examine *. 

17. There’s an extraordinary Sort of Ca^ 
ferpillar, of a middling Size, having four 
Tufts of yellowifh white Hair, like little 
Brufhes, of ah equal Height, ftanding up¬ 
right on its Back: below from each 

Side, iftues a Bunch of dark-colour’d Hairs 
of different Lengths, the Extremities of 
which are black. Two more Bunches of 
the fame Form rife from the Head like 
Horns, and another ftill from the Top of 
the Tail. Every Hair in thefe Bunches, 


* Leeuwenhoek fays, the Indian Millepes has eight 
Eyes Jike the ifider. ^ere. Hare Engf^k Oim [a too > 

when 



md Ohfervationsl 281 

when viewed through the Microfcope, re- 
fenibles a Peacock'^ Feather, and is a delight¬ 
ful Objed-. The Inqiihitive will find abun¬ 
dance more Wonders in this amazing Crea¬ 
ture, and indeed in moft Sorts of CaterpiU 
lars. 


18. The Silk-Worm is a Creature every 
Part whereof, either in the Worfn or Fly- 
State^ deferves our particular Attention: 
but as both Malpighi and Leeuwen¬ 
hoek have examined it with great Skill, 
and publifh’d their Obfervations with anato¬ 
mical explanatory Drawings, I fiiall refer 
the Curious to them, and to their own En¬ 
quiries ; only advifing fuch as fhall engage in 
a farther Examination, not to negled the 
Skins thefe Animals cafl; off three Times 
before they begin to fpin: for the Eyes, 
Mouth, Teeth, Ornaments of the Head, 
and many other Parts may be difcerned bet¬ 
ter in the caft-off Skins than in the real Ani¬ 
mal. -A due Obfervation of the Changes 

of this Creature, from th.Q* Caterpillar to 
the Nymph^ Aurelia^ or Chryfalis, and thence 
to the Moth or Butterjly St ate ^ will give a 
general' Notion of the Changes all Caterpil¬ 
lars undergo, tho’ fome little Differences 
may be in the Manner. Swammerdam 
fays, the Butterjly^ by a judicious Exami¬ 
nation, may be traced and difcerned under 

each 
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each of thefe Forms, which are only differ¬ 
ent Coverings or Dreffes for it. 

19. The Tail of the Male Silk-Worm be¬ 
ing fqueezed, Animalcules were found in the 
Semen * four times as long as broad: their 
Backs thicker than their Bellies, like the 
Shape of a Trout. Their Length was fup- 
pofed to be about half the Diameter of a 

Hair.-This 1 experienced Myfelf, on the 

8th Day of Augujl, in this prefent Year 1742, 
when taking a Male Silk-Worm, that was 
juft then come forth in its Moth-State, and 
giving its Tail feveral little gentle Squeezes, 
in about a Minute’s Time, a fmall Drop of 
a brownifh white Liquor was fquirted briiL- 
ly from it on a Talc I held to receive it; and 
diluting this with a little Water warmed in 
my Mouth for that Purpofe, I was very 
much furprized and pleas’d to obferve the 
numberlefs Animalcules it contain’d, fwim- 
ming about, alive and vigorous.— 

N. B. Whoever would make this Experi¬ 
ment, muft do it before the Moth has been 
coupled with the Female ; for nothing is to 
be got from it afterwards, as I have found by 
feveral Trials. 

20. The Probofcis of a Butter-Jly, which 
winds round in a fpiral Form, like the Spring 


Vid. Leeuwen. Arc. Nat. Tom. I. P. II. pag. 422. 

of 
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of a Watch, ferves both for Mouth and 
Tongue, by entering into the Hollows of 
Flowers, and extradiing the Dews and Jui¬ 
ces.—The Shape and Structure of it will be 
found very furprizing. 

21. The Legs and Feet of InfeBs are 
wonderful in their Structure and Contrivance, 
according to their different Circumftaiicesand 
Neceffities of Life, and afford a pleafing 
Variety of Objedls. It is pretty to obferve, 
not only the fliarp hooked Claws, but alfo 
the fkinny Palms ef fome Flies, ^c. which 
enable them to walk on Glafs and other 
fmooth Surfaces, even with their Bodies hang¬ 
ing downwards, by means of the Preffure of 
the Atmofphere : others again have a fort of 
Spunges, which preferve theirClaws from be¬ 
ing broken or blunted by ftriking againft Imrd 
Bodies, as the Claws of Cats, Gfc. are, by 
foft flefhy Protuberances at the Bottoms of 
their Feet. 

2.2.Tht Nymph of the Clothes-Moth^ which 
(from being often found fcudding among 
Books and Papers) Mr. Hook calls the fil- 
ver-colour’d Book-worm, is covered with 
thin tranfparent Scales, from whofe Surfa¬ 
ces a multiplicity of Reflections of Light 
make the Animal appear in Colour like a 
fine Pearl. It has fix Legs, runs by Starts 
and Stops, and has three Horns at the Ex- 
I tremity 
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tremity of the Tail. As this Defcription is 
fufficient to make it known, I fhall leave 
the Curious to examine its Beauties, and not 
anticipate theif Pleafure. Vide Hook’s Mi- 
crog. p, 208. 

23. On the Leaves of Orange-Trees, Fig- 
Trees, Willows, and many other Trees and 
Plants, there are various Kinds of minute hi- 
feSts, as yet but little known, inclofed in 
Tubercles or Swellings. 

24. The Eggs of Infedis are remarkable 
for their different Figure and Colour, and 
for the particular Regularity and Exadnefs 
•wherewith they are frequently placed. We 
ihall fometimes find a fort cemented round 
a Twig of the Sloe-Tree or Damfon-Tree, 
as if faftened there by Art, and rang’d meer- 
ly for the Sake of Beauty. The Variety of 
them is inconceivable, and to be fought for 
as well in the Waters as elfewhere; as thofe 
will be convinced who will take the Pains 
to examine in the Spring, the Water-Creffes, 
Brooklime, and other Water-Plants, on the 
Back of vvhofe Leaves infinite Numbers of 
minute^ Eggs may frequently be difcovered, 
appearing to the naked Eye only as a Slime. 

25. In Cellars, on the Corks of Bottles, 
there are three or four Sorts of very furpriz- 
ing Infeds. 


I 


26. The 
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26. The Lungs of a Frog^ blown up and 
dry’d, will aflift us to difcover the true Struc¬ 
ture of that Bowel. 

27. Cochineal^ which comes from New 
Spain, and is fo valuable for its ufe, in dying 
Scarlet, Crimjbn, and Purple : has been af- 
ferted, by foine, to be a Seed or Grain, and, 
by others, an Infed : but the Microfcope de¬ 
termines thefe Difputes, by fhewing plainly, 
after fteeping it in Water twenty-four 
Hours, an oval Body, Scales, Legs, and a 
pointed Trunk : in fhort, the whole refem- 
bles our Cow-Lady. Many Eggs may be dif- 
cover’d upon opening their Bodies, and if 
you burn them, let their Aflies ftand two or 
three Days in Water, then filter and evapo¬ 
rate, their Saits may be diftindtly feen. 

28. The Feathers of Birds afford variety 
of Beauty, and differ greatly from one ano¬ 
ther, not only in their general Colour and 
Form, but in the Structure of each particu¬ 
lar Part j as every Body muff be fenfible, 
who examines thofe of the Offrich, the Pea¬ 
cock, the Eagle, the Swan, the Parrot, the 
Owl, and all the numerous Species of Birds. 
Their Quills too deferve our Attention: and 
our Obfervations on them will be aflifted by 
reading the 36th Obfervation in Mr. Hook's 
Micrography, p. 168. and alfo Mr. Leeu¬ 
wenhoek’s Experiments, in the 4 th Tome 
of his Writings, p. 323. 
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29. Moff'es of all Kinds are agreeable Ob- 
jeds, and appear, by the Microfcope, to be 
as perfed: in their Leaves, Flowers and Seeds, 
as the largeft Plants or Trees. Thofe, parti¬ 
cularly, that grow on the Rocks and Coafls 
of the Sea, exhibit amazing Beauties. 

'^o.Spunge is reckon’d a Plant-Animal, 
and appears compofed of minute Veffels re- 
fembling Veins and Arteries. 

31. Decay’d Fruits, moift Wood, damp 
Leather, dale Bread, and abundance of other 
Things, Gontrad what we call Mouldinefs ; 
which the Microfcope difcovers to be nothing 
elfe but innumerable minute Plants, bear¬ 
ing Leaves, Flowers and Seeds, and increafmg 
in a Manner almoft incredible : for in a ve¬ 
ry few Hours the Seeds fpring up, arrive at 
full Maturity, and bring forth Seed them^ 
felves ; fo that a Day produces feveral Ge¬ 
nerations of them. There are many Sorts 
of thefe microfcopical Plants, very different 
in Size and Appearance : Some of the Mufh- 
room Kind, Others refembling Bulrufhes, 
and Others again bearing vafl Quantities 
and great Varieties of Fruit. Other Kinds 
are likewife found in great Abundance on 
the Surface of Liquors j when they are what 
we term Motbery, 


32. 
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Air-VeJJ'eh^ Sap-Vejfeh^ and Pom 
of fVbod are wonderful in their Figure, Num¬ 
ber and Difpofition : as plainly appears by 
lhaving olf the thinned: Slices poflible, length- 
wife, crofswife, and obliquely, and bringing 
them to view. Fir and Cork are the rea¬ 
died for this Purpofe : but all other Kinds of 
Wood, tho’ with fomewhat more Trouble, 
may be render’d fit to be examin’d.—In a 
piece of Cork, no longer than the eighteenth 
Part of an Inch, fixty Cells were number’d in 
a Row i whence it follows, that one Thou- 
fand and eighty are in the Length of an 
Inch : one Million an hundred fixty and fix 
Thoufand four Hundred in an Inch fquare j 
and in a Cubic Inch one Thoufand two 
Hundred fifty-nine Millions, feven hundred 
and twelve Thoufand*. 

In the Pith of Trees and Plants, cut fo 
as to become tranfparent, the Vefiels may 
be difcerned difiindlly. The Pores of Wood 
may likewife be feen advantageoufly in Char¬ 
coal and Small-coal. 

33. There are many Sorts of Sand\ fome 
gathered on the Sea Shore, or, on the Shores 
of Rivers, and others found within Land. 
The Grains of each Sort differ much in Size, 


* Hook’s Microg. p. 114. 


Form, 
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Form, and Colour: feme are opake, others 
tranfparent: fome have rough Surfaces, and 
others are quite fmooth ■*. Thefe Varieties are 
very agreeable to examine by the Microfeope^ 
which fhews, in fome of the fhining Kinds, 
Grains having all Numbers of Sides and 
Angles, and fo finely polifh’d, that no Dia¬ 
mond is more exquifitely beautiful. On others 
grotefque Figures, or Reprefentations of 
Landfeapes, Buildings, Plants, and Animals, 
at once furprize and pleafe. 

34. In order to examine Diamonds with 
the greater Exaftnefs, Mr. Leeuwenhoek 
broke a fmall one between two Hammers,and 
placing the Pieces before his Micro]cope^ in 
the Sun-fliine, he faw many fparkling Flames 
iffue from them, with a continual Corruf- 
cation, in fome, like a faint Lightning. Then 
viewing them in the Shade, he obferved, a- 
mong other pretty Appearances, a little Flame 
that feem’d to. dart from each Particle of 
the Diamond : and it was a glorious Sight 
to behold multitudes of fparkling Flames, 
moft of a bright Fire-Colour, and others 
greenifli, fladiing faintly and like Lightning 
at a Diftance.-In other Pieces of the 


* T/V. Philofoph. Tranfaftipns, Numb. 289. Hook’s 
Microg. p. 80. 

f Vid. Pliilofoph. Tranf. Numb. 374. 

Diamond 
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mnd the Lamellce or Layers compofing it 
were very plainly to be diftinguilh’d. 

In ftrlking Fire with a Flint and Steel, 
little Particles of Steel are ftruck off, and 
melted into Globules by the Collifion j as 
will be evident upon making the Experiment 
over a Sheet of white Paper, and viewing 
what falls into it through the Microfcope. 
Mr. Hooke firftmade the Trial and found 
that a black Particle^ no bigger than a Pin’s 
Point, appeared like a Ball of polilh’d Steely 
and ftrongly refleded the Image of the Win¬ 
dow near which he examined it It is alfo 
entertaining enough, to feparate the melted 
Iron Particles from the Particles of Stone, 
which fometimes are vitrified ; by means of 
a Knife that has been touched by a Load- 
ftone. 

36. Kind Nature has fupply’d the Steds of 
Dandelion, Thiftles, and many other Plants 
with a Down, that ferves inftead of Wings 
to convey them to dillant Places. The Fi¬ 
gures of fuch Down, in different Plants, are 
very different when look’d at through Olaf- 
fes: fome appearing plain and fmooth, others 
rough and thorny, and others again with lit¬ 
tle Hooks or Clafpers to catch hold of any 


Hoot’s Microg. p. 25, 44, 46. 

u 


thing. 



zgo Mlfcellaneous Difcoveries 
thing. Peaches, Quinces, and fome other 
Fruits have likewife a foft Down, which is, 
worth examining, as well as the Hairs on 
many Sort of Leaves, Fruits, and Seeds. 

37. There’s a very fine Down or Hair call¬ 
ed Cowage, or Cow-^itchy growing on a Sort 
of hairy Kidney Bean that comes from the 
Eajl-Indies. The Pods, about three Inches 
long, refemble a French Bean, and are co¬ 
vered with this Down or Hair, which is very 
ftifF for its Bignefs, caufes Pain and In- 
^ammation if rubbed on any Part, and when 
viewed by a Microjcope appears like multi¬ 
tudes of Needles. 

' A Sort of curling Horns, rifing out of the 
Middle of fome Carnations and Pinks are 
exceeding pretty Objedts. 

38. The Flakes of falling Snow are vari¬ 
ous in their Configuration, and extreamly 
beautiful, if examin’d before they melt : 
which may cafily be done by making the 
Experiment in the open freezing Air. Des¬ 
cartes, Dr. Grew, Mr. Hook, Mr.MoR-r 
TON, Dr. Langwith, and others, have 
given us feveral of their different Star-like 
Forms: and Dr. Stocke, of Zealand, has 
lately communicated to the Royal Society 
fome new Figures unobferved before. 

The Configuration of the Particles of Dew 
may perhaps be likewife very well worth 
obferving. Plumous 



and Obfervations. 


291 

Plutnous Alum, Talcs of different Kinds, 
Afbeftos, Marcafites, and all Sorts of Mine¬ 
rals and Foffils, afford a Variety of agreeable 
and curious Objects. 

^thiops Mineral, Calomel, Mercurius dul- 
cls, and all other Mercuriul Powders, are 
found, when examined by the Microfcopej to 
be full of minute Globules of crude and un¬ 
alter’d Mercury. 

Common Salt dilfolved in Water exhibits 
infinite Numbers of quadrangular Bodies. 

Toads, Frogs, and Newts are * killed by 
rubbing Salt upon their Backs: Snakes, 
Vipers, Rattle-fnakes, ^c. by drawing thro’ 
their Skin with a Needle a Thread dipped 
in Oil oFTobacco j and Mercury is a mortal 
Poifon to Ants. 

It would be an endlefs Talk to point out 
half the Objedts fit to be examined by this 
ufeful and entertaining Inftrument, which 
fupplies us, as it were, with Eyes, infinitely 
more penetrating than our own : and difco- 
vers Wonders to us which we Ihould be un¬ 
able to conceive without it. The foregoing 
are a few only among thofe that are moll 
Curious; but every Creature, every Plant, 
and Fruit, and Flowerj every Drop of Wa¬ 


ter, 


Hook’s Microg. p. 144. 
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ter, and every Particle of Matter, if carefully 

examin’d, will afford us new Inftrudtion and 

Delight. 


CHAP. LI. 

^he Works of Art and ^Nature 
compared together and confderd. 

■p E F O R E this Treatife is concluded, 
^ it Will not perhaps be thought unprofi¬ 
table, to examine fome of the fineft and 
mofi; exquifite Performances of human Art, 
and compare them with the Produdtions of 
Nature j as fuch a Comparifon muft tend 
towards humbling the Self-conceit and Pride 
tDf Man, by giving him a more reafonable 
and modefl Opinion of himfelf j and at the 
fame Time may in fome Degree conduce to¬ 
wards improving his imperfed: Conceptions 
of the Supreme Creator. 

Upon examining the Edge of a very keen 
Razor by the MicrofcopOy it appeared as 
broad as the Back of a pretty thick Knife ; 
rough, uneven, full of Notches and Fur¬ 
rows, and fo far from any thing like Sharp- 
nefs, that an Inftrument as blunt as this feem- 
ed to be, would not ferve even to cleave 
Wood f. 


Hook’* Microg. 
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An exceeding fmall Needle being alfo ex¬ 
amined, the Point thereof appeared above 
a quarter of an Inch in breadth ; not round, 
or flat, but irregular, and unequal; and 
the Surface, though extreamly fmooth and 
right to the naked Eye, feemed full of 
Ruggednefs, Holes, and Scratches. In iTiort, 
it refembled an Iron Bar out of a Smith’s 
Forge*. 

But the Sting of a Bee viewed through the 
fame Inftrument, {hewed every where a Po- 
li{h mofl: amazingly beautiful, without the 
leafl; Flaw, Blemilh, or Inequality ; and end¬ 
ed in a Point too fine to be difcerned : yet 
this is only the Cafe or Sheath of Inflrru- 
ments much more exquifite contained therein, 
as before defcribed. Page 21 o, 

A final 1 Piece of exceeding fine Lawn^ ap¬ 
peared, from the large Diftances and Holes 
between its Threads, fomewhat like a Hurdle, 
or Lattice, and the Threads themfelves feem¬ 
ed coarfer than the Yarn wherewith Ropes 
are made for Anchors. 

Some Brujfel’s Lace, worth five Pounds 
a Yard, look’d as if it were made of a thick, 
rough, uneven Hair-Line, entwifled, fafien- 
ed, or clotted together in a very awkard and 
unartful Manner. 


* Phil. Tranf. Numb. 324. Spedacle de la Nat. Eng. 
Edit. i2mo. Vo!. I. page 8. 

U 3 
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But a Silkworm's Web being examined, 
appeared perfectly fmooth and fhining, every 
where equal, and as much finer than any 
Thread the heft Spinfter in the World can 
make, as the fmallefl Twine is finer than the 
thickeft Cable. A Pod of this Silk being 
wound off, was found to contain nine hun¬ 
dred ana thirty Yards: but it is proper to 
take Notice, that as two Threads are glewed 
together by the Worm through its whole 
Length, it makes really double the above 
Number, or one thoufand eight hundred 
and fixty Yards: which being weighed with 
the utmoft Exad:nefs, were found no hea¬ 
vier than two Grains and a half*. What 
an exqiiifite Finenefs is here! and yet, this 
is nothing when compared with the Web of 
a fmall Spider, (fee Page 200) or even with 
the Silk that iffued from the Mouth of this 
very Worm, when but newly hatched from 
the Egg. 

The fmalleft Dot, I’iftle, or Point that 
can be made with a Pen, appears, when 
viewed by the Microjcope, a vafl irregular 
Spot, rough, jagged, and uneven all about 
its Edges, and far enough from being truly 
round. The fineft and minuteft Writing, 
fuch as the Lord’s Prayer in the Compafs 
of a filver Penny, or other like curious Per- 


Ibid. p. 50. 


formance 
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formance, done by the moft able Mafter, 
feems, when brought to Examination, as 
ihapelefs, uncouth and barbarous as if written 
in Runic CharaBers. But the little Specks 
on the Wings or Bodies of Moths, Beetles, 
Flies, and other Infedts, are found when mag¬ 
nified, to be moft accurately circular: and 
all the other Lines and Marks about them, 
appear regularly and finely drawn, to the ut- 
moft Poflibility of Exadnefs. 

Dr. Power fays, he faw a golden Chain 
at Tre descant’s, of three hundred Links, 
not more than an Inch in Length, faftned 
to, and pulled away by a Flea. And I 
myfelf have feen very lately, near Durham 
Tard in the Strand^ and have examin’d with 
my Microfeope, a Chaife, (made by one 
Mr. Boverick, a Watch-maker) having 
four Wheels, with all the proper Apparatus 
belonging to them, turning readily on their 
Axles: together with a Man fitting in the 
Chaife; all formed of Ivory, and drawn along 
by a Flea without any feeming Difficulty. I 
weigh’d it withthegreateft Care I was able, and 
found the Chaife, Man, and Flea were 
barely equal to a fingle Grain. I weighed 
alfo at the fame Time and Place, a Brafs 
Chain made by the fame Hand, about two 
Inches long, containing two Hundred Links, 
with a Hook at one End, and a Padlock and 
U 4 a Key 
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Key at the other; and found it lefs than the 

third Part of a Grain, -f- 

We are told, that one Oswald Ner- 
LiNGERX made a Cup of a Pepper-Corn^ 
which held twelve Hundred other little Cups, 
all turn’d in Ivory, each of them being gilt 
on the Edges and danding upon a Foot: and 
that, fo far from being crouded or wanting 
Room, the Pepper Corn could have held four 
Plundred more. 

Thefe are fome of the niceft, mod curi¬ 
ous and furprizing Works of Art; but let 
us examine any of them with a good Micro- 
Jcope, and we fl:iali immediately be convin¬ 
ced, that the utmoll Power of Art is only a 
Concealment of Deformity, an Impofiiion 
upon our Want of Sight j and that our Ad- 
iniration of it arifes from our Ignorance of 
what it really is. 

This valuable Difcoverer of Truth will 
prove the mod beaded Performances of Art 
to be as ill-diaped, rugged, and uneven, as 


-f- I have feeti fince my Writing the above, (made by the 
fame Artift) a Quadriiic-a'able witn a Drafter in it, an Eating- 
Table, a Side-Board Table, a Lcoking-Glafs, twelve Chairs 
with Skeleton Backs, two Dozen Plates, Six Difhes, a Do¬ 
zen Knives and as many Forks, twelve Spoons, two Salts, 
a Frame and Caflors, together with a Gentleman. Lady, and 
Footman, ail contained in a Cherrj-Stone: and not filling 
much more than half of it. 

J Ephem. German. Tom. I, Addend, ad Obferv. 13. 


if 
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if they were hewn with an Ax, or ftruck out 
with a Mallet and Chiflel. It will fhew 
Bungling, Inequality, and Imperfection in 
every Part, and that the Whole is difpropor- 
tionate and monftrous. Our finefl: Miniature 
Paintings appear before this Inftrument as 
meer Dawbings, plailler’d on with a Trow¬ 
el, and entirely void of Beauty, either in 
the Drawing, or the Colouring. Our mofl 
Alining VarniAies, our fmootheft Polilhings 
will be found to be meer Roughnefs, full of 
Gaps and Flaws. 

Thus fink the Works of Art when we be¬ 
come enabled to fee what they really are!—- 
But, on the contrary, the nearer we examine, 
the plainer we diftinguifii, the more wc can 
diicover of the Works of Nature^ even in 
the leafi: and meanefl: of her Productions, 
the more fenfible we mufl; be made of the 
Wifdom, Power and Greatnefs of their Au¬ 
thor. — Let us apply the Microfcope where 
we will, nothing is to be found but Beauty 
and Perfection. View we the numberlefs 
Species of InfeCts that fwim, creep, or fly 
around us; what Proportion, ExaCtnefs, 
Uniformity and Symmetry {hall we perceive 
in all their Organs! what a Profufion of 
Colouring ! Azure, Green, and Vermilion, 
Gold, Silver, Pearls, Rubies and Diamonds, 
Fringe and Embroidery on their Bodies, 
Wings, Heads, and every other Part! How 
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rich the Glow ! how high the Finifhing! 
how inimitable the Polifh we every where 
behold! — Search we yet farther, and ex¬ 
amine the Animalcules^ many Sorts whereof 
it would be impoffible for any human Eye 
unaffifted to difcern ; thofe breathing Atoms, 
fo fmall they are almoft all Workmanfhip! 
In them too we (hall difcover the fame Or¬ 
gans of Body, Multiplicity of Parts, Vari¬ 
ety of Motions, Diverfity of Figures, and 
particular Ways of Living as in the larger 
Animals.--- How amazingly curious muft 
the Internal Structure of thefe Creatures be! 
The Heart, the Stomach, the Entrails, and 
the Brain! How minute and fine the Bones, 
Joints, Mufcles and Tendons! How exqui- 
fitely delicate beyond all Conception' the Ar¬ 
teries, Veins, and Nerves! What Multitudes 
of Veffels and Circulations muft be con¬ 
tain’d within this narrow Compafs! And yet, 
all have fufficient Room to perform their 
different Offices, and neither impede nor in¬ 
terfere with one another. 

The fame Order, Regularity and Beauty 
will appear likewife among Vegetables if 
brought to Examination. Every Stalk, Bud, 
Flower, or Seed, difplays a Figure, a Pro¬ 
portion, a Harmony beyond the Reach of 
Art. There’s not a Weed, not a Mofs, 
whofe every Leaf does not fliew a Multipli¬ 
city of VelTels and Pores difpofed moft curi- 
oufly for the Conveyance of Juices to fup- 
2 port 
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port and nourifh it, and which is not adorn’d 
with innumerable Graces to embellilh it. 

The moft perfect Works of Art betray a 
Meannefs, a Poverty, an Inability in the 
Workmans but, thofe of Nature plainly 
prove, the Hand that form’d them was abfo- 
lute Mafter of the Materials it wrought 
upon, and had Tools exadly fuitable to its 
Defign. Every Hair, Feather, or Scale, even 
of the meaneft Infed:, appears rounded, po- 
lifh’d, and finidi’d to the higheft Pitch; and 
fhews the abundant Riches, Munificence, and 
Skill of its Maker. 

But fome may poflibly enquire, to what 
Purpofe Providence has bellowed fuch an 
Expence of Beauty on Creatures fo infigni- 
ficant: and then cry out, What is all This to 
us^ — My Reply is, that the Beauty and 
Elegance which adorn them are, evident and 
convincing Proofs of their not being fo infig- 
nificantas weprefumptuoufiy fuppofe they are: 
for, fuch Beauty muft be given them, either for 
their own Sake, that they themfelves may be 
delighted with it j or elfe, for Ours, that we 
may obferve, in them, the amazing Power 
and Goodnefs of the Creator. If the former 
be the Cafe, we muft allow them to 
be of Confequence in the Account of their 
Maker, and therefore deferving our Regard s 
and if the latter, it is really our Duty to take 
notice of and admire them. But for what¬ 


ever 
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ever Reafon God has been pleafed to beftow 
Exiftence on them, and to clothe them with 
Beauty, what he has judged worthy hirnfelf 
to create, is not, furely, below us to examine 
and conlider. The fame Hand that form’d 
the Whale, the Elephant, and the Lion, has 
likewife made the Loufe, the Gnat, and the 
Flea. 


CHAP. LIE 

Some reafonable Reflexions on Difeoveries 
made by the Microfeope. 

T H E Ufe of the Microfeope will natu¬ 
rally lead a thinking Mind to a Confi- 
deration of Matter, as fafhion’d into different 
Figures and Sizes, whether Animate or In¬ 
animate : It will raife our RefleXions from a 
Mite to a Whale, from a Grain of Sand to 
the Globe whereon we live, thence to the Sun 
and Planets j and, perhaps, onwards fliill to 
the fixt Stars and the revolving Orbs they 
enlighten, where we fhall be lofl; amongft 
Suns and Worlds in the Immenfity and Mag¬ 
nificence of Nature. 

Our Ideas of Matter, Space, and Dura¬ 
tion are meerly comparative, taken^ from 
Ourfelves and Things around us, and limited 
to certain Bounds; beyond which, if we 
endeavour to extend them, they become very 
indiftinX. The Beginnings and Endings, 
exceflive Greatnefs or exceflive Littlenefs of 
2 Things, 
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Things, are to us all Perplexity and Confu- 
fion. 

Let a Mah try to conceive the different 
“ Bulk of an Animal which is twenty, from 
“ another which is an hundred times lefs 
“ than a Mite; or to compare, in his 
Thoughts, a Length of a Thoufand Dia- 
“ meters of the Earth with that of a Million, 
“ and he will quickly find, that he has no 
“ different Meafures in his Mind adjufted to 
“ fuch extraordinary Degrees of Grandeur 
or Minutenefs. The Underftanding, in- 
deed, opens an infinite Space on every 
fide of US; but the Imagination, after a 
“ few faint Efforts, is immediately at a hand, 
“ and finds itfelf fwallowed up in the Im- 
“ menfity of the Void that furrounds it. 
Our Reafon can purfue a Particle of Mat- 
ter through an infinite Variety of Divifi- 
“ ons, but the Fancy foon lofes Sight of it, 
and feels in itfelf a kind of Chafm, that 
“ wants to be filled with Matter of a more 
“ fenfible Bulk. We can neither widen, nor 
“ contract the Faculty to the Dimenfions 
“ of either Extream. The Objedt is too 
“ big for our Capacity, when we would 
“ comprehend the Circumference of a 
“ World; and dwindles to Nothing, when, 
“ we endeavour after the Idea of an 
“ Atom"^.” 


Spectator, N°. 420. 


The 
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The minute Size of microfcopical Ani¬ 
malcules, and the little Space they occupy, 
when compared with ourfelves and the Room 
we fill, may poflibly increafe our Pride and 
Folly, and make us imagine ourfelves of 
mighty Confequence in the Creation. But 
if we carry our Thoughts upwards, and 
compare the Body of a Man to the Bulk of 
a Mountain, that Mountain to the whole 
Earth, the Earth to the Circle it defcribes 
round the Sun, that Circle to the Sphere of 
the fixt Stars, the Sphere of the fixt Stars to 
the Circuit of the whole Creation, and the 
whole Creation itfelf to the infinite Space 
that is every where diffufed about it, we fhall 
find ourfelves fink to nothing. — Were 
“ the Sun with ail its planetary Worlds ut- 
terly extinguiflied and annihilated, they 
“ would no more be miffed in the Grand 
“ Univerfe than a Grain of Sand upon the 
“ Sea-fhore: the Space they poffefs is fo ex- 
“ ceeding little, in comparifon of the Whole, 
“ that it would fcarce make a Blank in the 
“ Creation. The Chafm would be almoft 
“ imperceptible to an Eye that could take in 
“ the whole Compafs of Nature, and pafs 
‘‘ from one End of the Creation to the 
“ other.” What then is the mightieft Mo- 


Vide Spe£lator, N°. 565. 


narch 
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narch that ever lived! What is the whole 
Race of Man I 

A Mite upon a Cheefe is as large and 
confiderable, in Proportion, as a Man upon 
the Earth: the little Infedls feeding on the 
Leaves of Peach-Trees and Cherry-Trees, 
are no ill Reprefentation of Oxen grafing 
in large Paftures; and the minute Animal¬ 
cules in a Drop of Water, fwim about with 
as much Freedom as Whales do in the 
Ocean: All have equal Room in Propor¬ 

tion to their own Bulk. 

The Term or Duration of Life, in different 
Creatures, is likewife comparatively long or 
fhort, according to the Number, (^cknefe, 
or Slownefs of Ideas, preferring themfelves 
fucceffively to the Mind. For when the 
Ideas fucceed one another fwiftly, and ma¬ 
ny of them are crouded into a narrow Com^ 
pafs, the Time, however fhort it may be, 
will feem long, in Proportion to the Number 
of Ideas paffing through it: on the contrary; 
when the Ideas are but few, and follow one 
another very flowly, a long Time will appear 
fhort, in Proportion to their flow Succeflion, 
and theSmallnefs of their Number. 

It is evident, fays Mr. Lock, to any 
“ one who will but obferve what paffes in 
“ his own Mind, that there is a Train of 

Ideas, which conftantly fucceed one ano- 

ther 
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“ ther in his Underftanding, as long as he 
“ is awake. Refledtion on thefe Appearan- 
“ ces of feveral Ideas one after another in 
“ our Minds, is what we call Duration. 
“ For whilft we are thinking, or whilft 
“ we receive fucceffively feveral Ideas in 
“ our Minds, we know that we do exift : 
“ and fo w'e call the Exiftence, or the Con- 
" tinuation or Exiftence of ourfelves, or 
“ any thing elfe commenlurate to the Suc- 

ceffion of any Ideas in our Minds, the 
“ Duration of ourfelves, or any fuch other 
“ Thing coexifting with our Thinking’’^. 

From thefe Principles it is manifeft, that 
one Day may appear as a thoufand Years, 
and a thoufand Years but as one Day: 
by which means, the Lives of all Crea¬ 
tures, for ought we know, may feem to 
themfelves nearly of the fame Duration. 
It is at leaft probable, that fomething like 
this may really be the Cafe as to the Inha¬ 
bitants of this our Earth: for as the fame 
Fundtions or Offices of Life, viz. to be born, 
feek proper Suftenance, increafe in Bulk, ar¬ 
rive at full Maturity, propagate the Kind, 
and die, are equally performed by all j they 
who perform them in a few Months, Days, 


t Vide Lock oa Human Underftanding, Chap. XIV. 

or 
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Hours,'^ may be fuppofed, from the Num¬ 
ber and fwift Succeffion of Ideas fuited to all 
thefe Purpofes, to live as long, according to 


* Sw A M M E R D'A M has publifticd, in Lavj Dutch, a curious 
Account of what he calls the Ephemeron; a Fly which, he 
tells us, lives but five Hours. This Infeft is found about all 
the Mouths of the Rhine ; and, according to his Drawings 
and Defcriptions,feems to be a Species fomewhat between our 
May-Fly (bred from the Cadew-Worm) and the Lihella or 
Dragon-Fly. It has four Wings, two whereof are fhbrter than 
the other ; a pair of fmall Horns, fix Legs, and two very long 
ftrait Hairs iffuing from the Tail. They are feeh, he fays,flying 
near the Surface of theWater,about Midfummer,for three fuc- 
ceeding Days,but no longer in one Seafon. They eat nothing; 
and their only Bufinefs is to generate, and drop their Eggs 
upon the Water ; which E^s, finking to the Bottom, pro¬ 
duce a Kind of Warms or Maggots, that foon hollov/ them- 
felves Cavities in the Clay, where they abide three Years; 
growing each Year about an Inch in Length. When the 
Worm is come to its full Growth, it rifes to the Surface, about 
fix o’ Clock in an Evening ; lays its Eggs, and dies about ten 
o’clock the fame Night. 

I’m fiirprized that Swammerdam Ihould fay, the Life 
of this Creature is no more than five Hours, when his own 
Account plainly proves that it really lives three Years : for 
it is certainly as much alive in the Worm-State, as when af¬ 
terwards it becomes a Fly. "— —Truth Ihould be every Body’s 
Purfuit, and for the Sake thereof! have endeavoured to clear 
tip the general Miftake as to this Fly, which is frequently 
produced, upon Swammerdam’s Authority, as the moll 
remarkable Inftance we know of the Shortnefs of Life.—But 
fho’ this Infeft happens to live much longer than was ima¬ 
gined, I make no Doubt, there are fome among the number- 
lefs Species of Beings, whofe natural Lives are as Ihort 
as this was fuppofed to be ; fuch too are moft likely to be 
found amongft the very minute Kinds. For as thofe ex- 
ceedingly fmall Plants, invifible to the naked Eye, which com- 
pofe what we call Mouldinefs, fpring up, bear Fruit, and dye 
in a few Hours; we may reafonably fuppofe, the Lives of 
fojhe exceedingly finall Animals to be of as Ihort a Duration. 

X their 
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their own Thinking, as other Creatures do^ 
where the tame Train of Ideas proceeds more 
llowly, and takes up many Years, 

As the Microfcope difcovers almoft every 
Drop of \¥ater, every Blade of Grafs, every 
Leaf, Flower, and Grain fwarming with Inha¬ 
bitants; all of which enjoy not only Life but 
Happinefs; a thinking Mind can fcarce for¬ 
bear confidering that Part of the Scale of 
Beings which defcends from himfelf, to the 
lowed of all fenlitive Creatures, and may 
confequently be brought under his Exami¬ 
nation.-j- “ Amongft thele, feme are raifed lb 
little above dead Matter, that it is difficult 
to determine whether they live or no : others 
but one Step higher, have no other Senfe be- 
Jldes Feeling and Tafte: fome again, have 
the additional one of Hearing; others of 
Smell, and others of Sight. 

It is wonderful to obferve, by what a gra¬ 
dual Progreffion the World of Life advances 
through a prodigious Variety of Species, be¬ 
fore a Creature is formed that is compleat in 
all its Semes: and, even aniongd thefe, there 
is fuch a different Degree of Perfedlion in 
the Senfes which one Animal enjoys be¬ 
yond what appears in another, that tho’ the 
Senfe in different Animals be didinguiffi’d 


t Vid « Sfe^ator,. 515. 

1 by 
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By the fame common Denomination, it feems 
almoft of a different Nature. If, after this, 
we look into the feveral inward Perfedions of 
Cunning and Sagacity, or what we general¬ 
ly call Inflind, we find them rifing in the 
fame Manner, imperceptibly, one above an¬ 
other, and receiving additional Improve¬ 
ments according to the Species in which they 
are implanted. 

This Progrefs in Nature is fq very gradual, 
that the whole Chafm, from a Plant to a 
Man, is filled up with divers Kinds of Crea¬ 
tures, rifing one over another by fuch a gen¬ 
tle and cafy Afcent, that the little Tranfitions 
and Deviations from one Species to another 
are almoft infenfible. And the intermediate 
Space is fo well hufbanded and managed, that 
there is fcarce a Degree of Perception which 
does not appear in fome one Part of the World 
of Life. Since then the Scale of Being ad¬ 
vances by fuch regular Steps fo high as Man, 
we may by a Parity of Reafon fuppofe, that it 
ftill proceeds gradually upwards thro’number- 
lefs Orders of Beings of a fuperior Nature to 
him: as there is an infinitely greater Space 
and Room for different Degrees of Perfecti¬ 
on between the Supreme Being and Man, 
than between Man and the moft defpica- 
ble InfeCl.” 

Mr. Lock’s Thoughts upon this Subject 
X 2 are 
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are very curious: “ That there {hould, lays 

“ he, be more Species of intelligent Creatures 
* ‘ above us, than there are of fenlible and 
“ material below us, is probable to me, from. 
“ hence, that in all the vilible and corporeal 
World, we fee no Chafm, no Gaps. All 
“ quite down from us, the Defcent is by eafy 
Steps and a continued Series of Things, that 
“ in each Remove differ very little one from 
“ the other. There are Fifhes that have 
“ Wings, and are not Strangers to the airy 
** Region : and there are fome Birds that are 
Inhabitants of the Water, whofe Blood is 
“ as cold as Fiih’s, and their Flelh fo like in 
“ Tafle, that the Scrupulous are allowed 
“ them on Filh-Days. There are Animals 
“ fo near a-kin to Birds and Beafts, that 
they are in the Middle between both. 
“ Amphibious Animals link the Terref- 
trial and Aquatic together : Seals live 
at Sea and at Land, and Porpoifes have 
“ the warm Blood and Entrails of a Hog: 
“ not to mention what is confidently re- 
“ ported of Mermaids or Sea-Men.——— 
“ There are fome Brutes that feem to have 
“ as much Knowledge and Reafon as fome 
“ that are called Men ; and the Animal and 
Vegetable Kingdoms are fb nearly joined, 
“ that if you will take the lowed of one 
“ and the liigheft of the other, there will 
fcarce be perceived any great Difference 
“ between 
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“ between them. And fo on till we come 
“ to the lowed: and the mod inorganical 
Parts of Matter, we ftiall find every where 
“ that the feveral Species are linked together, 
and differ but in almofl infenfible Degrees. 
And when we confider the infinite Power 
and Wifdom of the Maker, we have Rea- 
fon to think, that it is fuitable to the 
“ magnificent Harmony of the Univerfe, 
and the great Defign and infinite Good- 
“ nefs of the Architeft, that the Species of 
“ Creatures, fhould alfo, by gentle Degrees, 
" afcend upwards from us towards his infi- 
nite Perfection j as we fee they gradually 
defcend from us downwards. Which if 
“it be probable, we have Reafon then to 
be perjfwaded, that there are far more 
“ Species of Creatures above us than there 
“ are beneath : we being in Degree of Per- 
“ feCtion much more remote from the infi- 
“ nite Being of God, than we are from the 
" lowed State of Being, or that which ap- 
“ proaches neared to Nothing”. 

Every Creature is confined to a certain 
Meafure of Space, and its Obfervations dinted 
to a certain Number of ObjeCts: but fome 
move and aCt in a Sphere of a wider Cir¬ 
cumference than that of others, according 
as they rife above one another in the Scale 
of Exidence. This Earth is the Spot ap¬ 
pointed 
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pointed for Man to dwell and aft upon:.he 
ftands foremoft of aU the Creatures here, and 
links together Intelligences and Brutes. The 
Sphere of his bodily Adion is limited, con¬ 
fined, and narrow; but that of his Mind is 
vafijand extenfive beyond the Bounds of Mat¬ 
ter. Form’d for the Enjoyment of intellec¬ 
tual Pleafures, his Happinefs arifes from his 
Knowledge j and his Knowledge increafes in 
Proportion as he difcovers and contemplates 
the Variety, Order, Beauty, and Perfedion 
of the Works of Nature : v/hatever, there¬ 
fore, can affift him in extending his Obfer- 
vations, is to be valued, as in the fame Degree 
conducive to his Happinefs. 

What we know at prefent, even of things 
the mod: near and familiar to us, is fo little 
in comparifon of what we know not, that 
there remains a boundlefs Scope for our En¬ 
quiries and Difcoveries ; and every Step we 
take, ferves to enlarge our Capacities, and 
give us dill more noble and jud Ideas of the 
Power, Wifdom, and Goodnefs of the Deity. 

The Univerfe is fo full of Wonders, that 
perhaps Eternity alone can be fufficient to 
lurvey and admire them all : perhaps, too, 
this delightful Employment may be one great 
Part of the Felicity of the BlelTed. When 
the Soul dial! become diveded of Flefh, the 
Pleafures of Senfe can be no more : and if, by 

a 
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a continued Habit, any Longings after them 
fliallhang about it, fuch Longings muft create 
a proportionable Degree Wrctchednefs, as 
they can never poffibly be gratified. But if 
its principal Delight has been in the Con¬ 
templation of the Beauties of the Crea¬ 
tion, and the Adoration of their Almighty 
Author, it foars, when difembodied, into the 
celeftial Regions, duely prepared for the full 
Enjoyment of intelledlual Happinefs. 


ToThee, eternal fcif-exifting Creator 
of the Universe ! whofe Will is Nature’s 
Law ! Omnifcienr, Omniprefent, All-Boun¬ 
tiful and Gracious ! To Thee be paid, by 
all thy Creatures, Thankfgiving and 
Adoration, till Time fhall be no more ! 



INDEX. 



INDEX. 


A. 


Page 


Anemone (Sea) or Mujhroom, an extraordinary Animal,-^8 

Animalcules in Fluids, - ^ -— 68 

how produced - - - ibid. 

not if covered -— .— 69 

forts in Pe;pper-Water -—■ - 72 

how kill’d by different Mixtures —— 75 

forts in Hay-Water —■ ' ' . 76 

--fome Univerfal - - ibid. 

Eel-like Kinds - ... 79 

.—-in Vinegar —— ihii. 

• -how affeded by Heat and Cold - 80 

——in Pafte --■ 81 

^ , in Ram and other Waters - .. - 83 278 

f";; caufe the Colours of Waters --— 84 

obferv’d in feveral Infufions by Monf. Joblot 87 


why not always the fame 
at the Roots of Duck-Weed — 
in Leaden Pipes and Gutters — 
two forts in Ditches defcribed — 

a very extraordinary Kind - 

--its Young how produced —— 

-as defcribed by Mr. Leeunxjenhoek 

- -by an Bnglijh Gentleman • 

-by Mr. Buffon - 

---—by one at Genc'va - 

- —Refleftions thereon —— 

s in the Teeth - - 

-how to deftroy - • 

in itchy Puftules -- - 

in the Light of Oyfters - 
5 in Semine Mafculino, how to view 

when fiifl: difcover’d _ . . 

their general Appearance - 
their Numbers computed —_ 
their wonderful Minutenefs . - - 
Reflexions on their Size —— — 


ibid. 




INDEX. 

AnimakuUf in Seinine Mafculino of a Frog, ■■■— p. ijjf 
of a Cod-Fifh ■■ ■ '15; 

of a Pike - - i^g 

of a Cock - -- 159 

of a Dog - . 16p 

of a Hare ■ — ibid. 

of a Rabbet — 161 

of a Ram - — - ihid. 

of a Man — — — 163 

of a Spider -- —. 165 

of a Dormoufe - 166 

ofanOyfter - 166 239 

of the Mufcle Fifli ■ ■ ■ • 243 

of a Silkworm - —- 166 282 

of a Dragon-Fly - 166 

of a common Fly - - ■■ ■ ibid. 

of a Flea - - ■ - — ibid. 

of a Gnat - - 206 

r/d^Infeas. , 

Animalcules in none of the Animal Juices but only the Semen 

Animals (living) to examine - — 53 'jy 

how admirable their Strufture —— 298 

Anfs dcfcribed 271 

their Eggs and Aurelias —— 272 

their Sagacity, Forecaft, and Indoftry 273 

Reflexions thereon' —— — 276 

Antenna of InfeXs : vide Horns. —— - ■ ■ 

Area, or Portion of an ObjeX feen 48^ 

compar’d with iVia/are ■ - 292 297 299 

Arteries and Veins, how diftihguifli’d —— 124 

Aatthor'% Defign in Writing : vid. IntroduX. and —— 51 


Balances of InfeXs — — — 

their Ufe — — 

Bat (Obfervations on it) — 

Beauty, why bellowed on InfeXs, f^c. 

Bee, vide Sting. 

Bignefs, meerly comparative —— 

Blood (Circulation of) to view -- 59 i 

Examination of by the Microfcope 
Account of as fo examin’d ■ ■ 

StruXure and Compofition of its Globules 
Size of the Globules —— 


> 3 * 

299 

4 > 303 
7 120 

02 M 2 

103 

ibid 

105 

Bkodg 



index. 


Blood, how cafily diforder’d - - p 

Mixtures with it in the Veins, their EfFeds no 

-v/hen extraded - uo 

its Colour \vlience ___ __ 1,5 

Vid. Circulation. 

Bloodlefs Animals, a Miftake __ __ j 20 

(ridiculous ones) as to Microfeopes _ 64. 

Bones, their Strudiire __ . . . 

fnft at firfl- , 

'45 

Manner of viewing them 
Book-Worm (or Clothes-Moth) ^ 

144 

- 14; 

Box for preferving opake Objeds _ 

Brujh or Hair-Pericil, its Ufe — 

Bug a curious Objed _ 

Butterfly, its Probofeis __ 

C. 

Camera ohfour a Microfeope - 

Cautions in viewing Objeds ___ 

Cell to confine living Objeds 

Chain of Gold, its Finenefs _ 

—— 130 

- 282 

- 22 

— 62 

• ■ 19 

of Brafs -—_ 

- 29; 

Circulation of the Blood to view 
between a Frog’s Toes 
in an Eel __ 

- t?i— 

•-- 117 120 

—~ 121 

- 122 


,n a Fifh’s Tail _ __ 

how numerous in a Human Body __ 

in a Newt _ 

in a Tadpole __ __ 

in a Mufcle Fiili ■ , 

in the Legs of Crabs -- 

in Shrimps - . __ 

in the Legs of Spiders_ 

in Punices or Bugs — _ 

in a Bat - _ ____ 

in a Frog by the Solar Microfcopr, very curious 124. 
Its Appearance near the Time of Death i 


.. -—Time of Death 

Cochineal examin d _ 

ColUBion of tranfparent Objefts to make 

of opake Objeds _ _ 

proper Cafe for them I 

Colours of Objeds how to judge of __ 

Cone to intercept the Rays of Light, its Ufe 
Cork its numerous Pores —, 

Corn-Beetle, vid. Weevil. 


ibid. 

123 

125 

126 

127 
ibid. 

iz8 

129 

130 
ibid. 

31 


136 

285 

56 

60 

61 
5? 63 
18 5; 

287 





INDEX. 


^onxiagc, or Covv-itch, what — 

Crane Fly, very wonderful -- 

Cube, why confider’d as if magnified 
Cups, 1200 in a Pepper-Corn 


- 299 
279 
31 34. 
296 


D. 


Dew recommended to be examin’d 
Diamonds exarnin’d by the Microfcope 
Double Reflc'ding Microfcope defcribed 

Down of Thiftles, fis’c. -__ 

Drawings of Objefils to take --- 

Duckweed, ftrange Animalcules at its Roots 

Dunghill-Water icxW oi Animalcules - 

Dying, the Appearance of the Blood then 


290 
28S 
16 
289 
25 47 
- 91 

8 s 
230 


E. 

Del, Way to examin it -- -- 

its Scales - -- -- 

Eel-like kinds of Animalcules - 

in Vinegar -- -_ 

Experiments on them -__ 

in Patte - -- - 

Way to preferve and examine _ 

their Appearance by the Solar .Microfcope 

Eggs of Infcfils — ■ _ _ 

Elephant compar’d with a Mite, vid. Introduc. 

Ephemeron def:ribed -- - 

Miilake about it refipfy’d -■ 


• 122 

238 
78 778 

79 

80 

81 

82 
ibid. 

28^ 

30; 

ibti. 


F. 

Farina 01 Flowers defcribed _ 

its Ufe and what it is __ 

its Beauties -- 

way to preferve and examine it 

its Veffels carious __ 

Obfervations on it ___ 

Feathers, delightful Objefils ___ 

Feelers of Inlefils, vid. Horns 
Fibres (mufcular or their Appearance 

their Strudlure _ _ 


in an Ox, Whale, and Moufe 
way of viewing them - 

in a Crane-Fly, very curious 
Eih, how to place in a Glafs Tube 


247 

248 

249 

250 
ibid, 
231 
28; 


13s HI 

139 

140 

141 
- 279 

Fi^. 



INDEX. 


F//5-Pan 
Flea defcribed 


Manner of Change from the Egg 

--its Coitus . 

DilTeftion of - — 

its furprizing Strength and Agility 

F/»rA how to prepare and examine _ 

F^ defcribed i „ - 

its Trunk __ 

Difiedtion of __ 

Manner of Produftion . 
Feeus what —" _____ 

Foreeps or Flyers, their Ufe - 
Fr^ how to place in a Glafs Tube 


Apparatus for viewing the Circulation in it 
Mefentery thereof a curious Objedl . 

its Lungs 


. 19 

>9.r 

>93 

>94 

19; 

ibid. 

58 

219 
ibid. 

220 
ibid. 

4 

10 

>3 

133 

> 3 ? 

285 


Gad-Bee, vide Ox Fly —.- —.. 

Generation equivocal, contrary to Reafon - 

Manner of — — .., 

Analogous between Animals and Vegetables 

Glafs ksEfFedi -- -- 

convex, itsEfFedl —- - 

■-its magnifying Power explain’d .- 

how to find its magnifying Power - 

concave, its EiFedl —r - 

Glafs Slips of different Colours, their Ufe -- 

Glajfes mull be fuited to the Objedls — 
Glafs-Tuhe, its Ufe ■— 

Globules of the Blood, how form’d 
their Size 


their Appearance in Sicknefs - 

in Fiflies and aquatic Animals — — 

how affedted by Heat and Cold - 

Vide Circulation. 

Globule or Drop of Glafs, its Inconvenience — 
not ufed by Mr. Leeunvenhoek -- 

Gnat, its Manner of Produdtion •— 

Defcription of it - 

its Form in the Water 
its Wings and Homs 
its Piercer defcribed —— 

its Spawn —— 


150 

>S> 

3 

4 6 

31 

33 

60 

53 
11 19 
103 
It 132 


- ^ 

68 88 207 
— 203 

- 88 

20J 

:— 204 

206 
Grain 



I N D E X. 

Grain of Sand, how to be underftood as a Meafure 
Gro’wih of Animals and Vegetables, what 

Hairs of different Creatures *- - 

their Strufture ■ . . ■ ■— 

their Variety - 

of a Caterpillar, very beautiful - 

Hay- Wliter to make 


246 

280 

— tbiJ. 

ibid. 
106 116 
105 
109 
119 
137 


ibid. 


when ready for Examination 
the Animalcules therein 

Hfallh, wherein it confilts - •— 

how impair’d - 

how probably it may be reflored - 

Contrivance’of Providence to preferve it 

Heart (Pulfation of) ■ ■ - 

in a Bee O 

a Fly ( __ 

a Grafshopper C 

a Lady-Bird J 

in a Snail - - 138 217 218 

in a Loufe ■ - 138 180 

Horns of Infefts, their Ufe - - — - 231 

their different Beauty ■ ibid. 

I. 

J^nis Fatuus • — — • 242. 

Infujions of Vegetables produce Animalcules — 76 

obferv’d by Monf. Johlot - .1 - 87 

why produftive, a Suppofition - - - 86 

why not always the fame — - 87 

how to dilTedl -- - 59 

£tteil to fliew the Circulation and internal Motion 


in the Liver of Sheep 
in the Heads of Sheep 
in the Heads of Deer 
on Pales and Walls -~ 
on Leaves . i-i—«» 

among Pinks, Rofes, iSc. 
in Cuckqw-fpk 
on Sycamore Leaves 
on the Ribs of Rofe-Leaves _ 

on Goofeberry-Leaves -- - 

Legs and Feet examin’d ■ ■ 

on Orange, Fig and Willow-Leave* 


269 
268 

270 

276 

*77 

278 

28s 

284 

InfiSs, 



I N D E If. 

infers, tlieir Eggs beautiful 7 

on Corks of Bottles ^ ' 

Itch, 3 Diiiemper occafion’d by Animalcules - 

defcribed ——--- 

how cured -. .. .. 

yurin (Dr.) his Way of meafuring Objedts - 

L. 

Zaa {fine BrulTels) examin’d - 

Leaden Pipes or Gutters, Animalcules there defcribed 

LtaveSf whether have any Circulation - 

their Pores how numerous —— - 

of Rue 

St.John’s Wort 
Mercury 
Sage 

Rofc and Sweet Briar 

Fern -- 

Stinging-Nettle (i^ery wonderful) 
like the Sungs of Animals 

tens what —^— _ _ 

LeeuHue<ihoek (Mr.) the Strufture of his Microfeopes 
Libe>khun (Dr.) his folar and opake Microfeopes 

Life, in what Manner long or Ihort -- 303 

ns Progreffion in different Creatures - 

L^hs mufl be fuited to the Objcdl - 

its different Pffeft -- -- 

of a Candle befl: for fomeThings - 

of the Sun, not elegible -- - 

£ou/e fcommuttj 'dticribed _ 

its Manner of Feeding _ — 

a Sting in the Male -- - 

its Intreafe how humsrotss ' - 

way to dified it - -u- 

(Crab) —■—- -- 

a general Name for the Vermin of Creatures 183 
on the Beetle ~ 

Earwig 
Snail 
Spider 

Humble Bee 1 

Flea \ 

(Kinds of) Pidur'd by Seignicr'.Se li 
Wood-Loufe -r — —- 


284 

169 

170 


293 

92 

256 

257 


2J4 

238 

ibid. 


305 

306 


177 

179 

180 

181 

182 
182 
184 




I N D E X 

M. 

Magnifying Power of Glafles in the fmgle Microfcope p 

explain’d ■ ___ 

how to find and calculate . . 

Table of __ _ _ 

in the folar Microfcope _ 

in the Double Microfcope - 

Man, his propereft Employment -- vide Introduc. 

his Capacity for Knowledge -_ ^ 


3C0 

501 

291 


ibid, 
2 7 49 
8 
9 


— iuj jvnowicoge —i 

eternal Happinefs may poffibly arife 2 
Confiderations thereon _ - 

our Ideas of it imperfeft _ 

Mercury unalter’d in feveral Mercurial Medicines 

Microfcope what __ __ 

by whom and when invented - 

Single __ _ 

Double . ____ 

their different Effedls and Advantages 

Leeuwenhoek'&, its Strudiure _ 

Wilfon'% fmgle Pocket - 

with a Speculum __ 

Standard for its Glaffes propofed _ xi 

Double Refleding — 

Solar, or Camera Qbfeura . 22 

its Advantages - 2? 

for opake Objeds - 2g 

Standard for Its Glaffes propofed _ 37 

its Advantages 27 

how to ufe it - . 29 

ufeful alfo for tranfparent Objefts - 30 

wherein it properly can affill us _ 40 

why fometimes negleded __ _ r j 

how ferviceable in the Praftice of Phyfick 107 

Minutenefi oi wonderful: vid.Introd. 1615 208 

Refledions on it __ 

- 135 

186 


Refledions uu u -- 

Mefentery of a Frog, extreamly curious 

Mites delcribed — __ 

their Coit and Time of Hatching 

their Eggs - - 

compared with a Pigeon’i 


vuiiipaicu wun a rigeon s - - 

their Voracioufnefs and Manner of Eating 

how to defiroy --—. „ 

Sorts of deferibed —... _ 

wandering ———« __ 

very tenacious of Life —- 


188 
ibid, 
ibid. 

189 
ibid. 


Mojfes^ 



I N 0 E X. 

Mojfei, exceedingly beautiful Objedis 
Motian feen by Microfcopes, how to be regarded 
Mouldinefs, feveral Species of Minute Plants 
Multipes or Scolopendra, very xiirious 
Mufcles of the Abdomen of a Frog 

MufcU-FiJh a fine Objedl - 

its Eggs and Embryo-Mufcles 

how numerous -- 

tlie Beard, its U fe — 

N. 



253 


Nature's Operations amazing — .. ^ 

the Perfedlion of exemplify’d — 

compared with the Works of Art 29f 29'^ 

theSiudy of them Man’s nobieft Employment: vid. 

Intfod. and —- - 

Needle, its Point examin’d - — 

Nerves, their Strufture and Appearance - 

not elakic ■—-- — 

Newff a fine Objeft 


300 

293 

J46 

•47 

26 


Globules of its Blood larger than in moft Animals ihid. 


how to kill 


O. 


Ohje£ts, hiow feen thro’ a Single Microfcope 
how thro’ a Double one ■— 

how thro’ a flat Glafs —— 

how thro’ a Convex -- . 

apj:|ear large to flrort flghted People - - - 

their real Size to find — 

Mr. Leeuvcenhoek's Way 
Mr. Hook's Way . 

Dr. Jurins Way - 

Dr. Martins Way - -- 

Dr. Smith's Way - - 

Area or Portion of 1- ■ 

Kinds proper for the Microfcope - 

what not proper - - 

Direftions how to examine - — 

to ^ view’d in.every Light —— 

their Shadow only feen by the folar Microfcope 
how to prepare and apply 


to make a Collection of — 
Cautions in the viewing of — 


ibid. 

3 

4 

5 

40 158 
4 ' 
44 
4'i 

46 

47 
4-8 

50 
49 

54 

56 
56 60 
- 6z 



}- 


INDEX. 

Old People, tlieir Manner of Sight 
Opake Objefts (Microfcope for) vid. Micrcfcope 

to prepare and preferve - 

Opium, how it ads on the Blood - 

Ox'^Fly defcribed - - 

its Manner of ProdudiOn - 

Oyjiers, Animalcules in their Liquor - - 

in their Semen 
Embryos 

their Size and Number 
Light on them — --- 

P. 

full of minute Eels --— 8l 

way to preferve them --- ibid. 

People, old, or Ihort-fighted, their Cafe - 4 

Pepper Water, vid. Animalcules. 

Perijlaltic Motion viPih\Q - 138 179 19; 219 

Poifes of Infeds, vid. Balances 

Polype, a wonderful Animalcule fo called --- 97 

Ports of the Skin - - - 174 

way to view them - ibid. & 176 

how numerous 


P- ? 


207 

239 

ibid. 

2ib 

241 


of Wood, their Numbers 
beating, vide Heart. 


287 


jla;«-Wat?r, its AhimalcUles -m- - . ■ 

Razor, its Edge examin’d —— —. 

S, 

Sjtl Vddtile oleofum, its Effeds on the Blood 

Salts to pfepare and examine -- 

their general EfFeds - 

in Vinegar - — 

how chang’d by Crabs Eyes 
fit Wines, Vegetables, and Metals 
X Sorts to be eX^amin’d ___ 

their good and ill Effeds -- 

(Sorts of) in Mineral-Waters *- 
of Vitriol -- 


83 

293 


58 

259 

ibid. 

zto 

ibid. 

261 
ibid. 

262 

263 



p. 263 


I N D E X, 

§alt^f -—of Alum 

from Salt Springs f 
Sal Gem > —- 

from Sea Water T 
Niter J 

Calq^rious Niter ■ - 

(Grain of) hov/ underftood as a Meafure 

§ands fine Objedls for the Microfeope - 

Scale of Beings confidei’d --- — 

Scales on the Human-Skin --— 

how numerous - 

Way to view them — 

of Filhes -- -- 

Ikew their Age , -- 

, how to prepare ■— - 

Scohperdra, vide Multi^es. 

Scoipion^ vide Sting. 

Seeds not proportion’d to the Size of theirTlants 
include minute Plants ————. 

of the Gramen tremulum - -- - 

of Strawberries ? . • 

Poppy 5 

Puff-Ball -r—, __ 

——how hurtful to the Eyes — 

Semen Ivfafculinum, vide Animalcules. 

Serpents Minute --—- - 

Shaife, ts'c. drawn by a Flea . • — 

Sheep (WoTms m) vfde Infefts. 

Sight, its Difference how occafion’d . 

common Standard of -- 


Sill-'Morm, —;—.— ' — 

Semen-thereof examin’d -- —— 

Length and Finenefs of its Silk -- 

Sliders wha-t '- 

their giT.tt t 7 e .. .. 

to prepale a Set of proper-Jy' r "" 

Snail, a curirm Animal -- . . ■ 

Manner of Pioduffion and Grovyth — 

Stone found therein _ 

Snow, its Configuration curious • - —- 

Solar or Camera obfcura Microicope: vide Microfeope. 
Slider, its Eyes . . - r- 


281 
. 282 

. m 

10 

56 

57 

217 
- 218 
ibid. 
290 

196 

Spider^ 



INDEX. 

spider, its Weapons - - 

-poifonous Liquor how infiilled 

Web how fine -- 

Eggs . - 

White Field 
Hunting O 

Shepherd > Spider 

Water Spider ■ L .. < 1 , 

Slags, Worms in their Heads 
Star Fifli 


’• *97 

199 

200 

201 
ibid. 


278 

268 


100 

289 

209 

293 


or Stella Arbordfcens fending forth many Thoufand 

Branches _^_ __ 

Steel (Particles of) melted by ftrikingFire - 

Stiro, how diftinguiflied " -- ■ ■ ■ 

of a Bee deferib’d - . 210 

way to view it 

its poyfbnous Juice - 212 

of a Scorpion deferibed ibid. 

its poyfonous Juice - —- 213 

furprizing Effedt of - 214. 

a bad Light for Ob^edls ——. - 55 


T. 

Table of the Powers of lingle Giaffes 
Tittle made with a Pen examin’d 
Tranfparency how fometimes acquir’d 
Truth only to be fought for 

Tube (Glafs) its life - 

(capillary; its great Ufe - 

V. 


35 
294 
129 
62 
11 
59 


(Infufions ofj produce Animalcules 70 76 86 87 

formed to preferve Health —.— - 119 

Vinegar (Animalcules therein) vide Animalcules. 

its Salts examined -— - 2159 

its Teeth and Poyfon - - 215 


W. 


Water, full oLLife : vide Ahimalcufes. 

Wteojil or Corn-Beetle deferibed - 

its Manper of Produdtion 
Whale, its prodigious Size - 


90 

221 

222 

/fW- 



INDEX. 

Wheel-Work ill thfe Heads of fbine Animalcules 
Wil/ons Pocket Microfcope ; vide Microfccpe. 

Wings of Infetls ^- 

their Variety —— —. , ■ 

their Motion - — — — — 

their fine Feathers. - - 

Way to view them . - .. ,, 

Wolf defcribed . . —^ ^ 

its Increafe —— - 

way to deftroy - -- 

Wood, its Air-Veflels, Sap-Veffels, Pores, — 

Wood Loufe - - - - 

Worms Vi Human Bowels - - 

their Kinds ■■ . . ■ 

how probably introduced -- — — — 

in Filhes - —_ 

Blood-red, jointed - —• 


p. gi 

232 

Z33 

ibid. 


223 

224 

225 
287 

266 
ibid. 

267 
27,8 
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